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Preface 


Volume 53 of Advances in Heterocyclic Chemistry is an index volume, which 
includes a cumulative author index, a cumulative title index, and a subject in¬ 
dex. These indexes are published only occasionally. The first subject index 
covered Volumes 1 through 40 and appeared in Volume 40. The second sub¬ 
ject index covering Volumes 41 through 45 appeared in Volume 46. In the present 
volume the subject index covers topics appearing in Volumes 46 through 53. 
The author and title indexes cover all volumes. It is believed that it is more con¬ 
venient for users of the series to have to consult only a few subject indexes rather 
than search through each volume. 

In addition to these indexes, Volume 53 contains three regular chapters. 
Marcial Moreno-Manas and Roser Pleixats (University of Barcelona, Spain) 
review dehydroacetic acid, triacetic acid lactone, and related pyrones. They 
provide the first comprehensive review of this group of compounds, which 
includes many important natural products. 

Valerii Kuzmenko and Alexandr Pozharskii (Rostov-on-Don State Univer¬ 
sity, Russia) give us the first comprehensive coverage of W-aminoazoles and 
bring much needed order into this important field. Much of the earlier litera¬ 
ture had assigned structures now known to be incorrect. 

Finally, E. S. H. El Ashry, A. Mousaad, and N. Rashed (University of Alex¬ 
andria, Egypt) cover the chemistry of 2,3,4,-furantriones and their conversion 
into a very wide variety of bi- and poly-heterocyclic systems. 


A. R. Katritzky 
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I. Introduction 

4-Hydroxy-6-methyl-2-pyrone (triacetic acid lactone) (1) is a natural 
product of polyketide origin (67JA676, 67JA681). Its 3-acetyl derivative, 
3-acetyl-4-hydroxy-6-methyl-2-pyrone (dehydroacetic acid) (2), has also 
been isolated from natural sources (76E1490; 79MI1) and is industrially 
available by dimerization of diketene. Deacetylation of 2 to 1 was de¬ 
scribed in the pioneering work by Collie (1891JCS607) and constitutes a 
good laboratory procedure. 

Dehydroacetic acid is mainly used to produce clopidol, a coccidiostatic 
agent. Small quantities are used as a preservative for fruits and vegetables 
as well as a stabilizer for plastics. Its sodium salt is also of interest for 
these applications. 

Many natural products containing the basic structure of 4-hydroxy(or 
methoxy)-6-alkyl-2-pyrone(3,R 4 = OH orOMe) have been isolated, some 
of them carrying biogenetically plausible groups at C3 or C5 or both. 


oh o' o r* 



(1) (2) (3) 



(4) elasnin 


Several natural and synthetic 2-pyrones exhibit remarkable properties 
that might lead to further developments in the future. Thus, elasnin (4), 
isolated from Streptomices sp., is a specific inhibitor of human leukocyte 
elastase, an enzyme involved in inflammatory processes such as pulmo- 
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nary emphysema (78BBR704, 78MI1). Consequently, many more simple 
pyrones structurally related to elasnin have been synthesized and evalu¬ 
ated as inhibitors of several elastases (84E361; 85JMC1106, 85JMC1828; 
87JMC1017; 88MIP1). A family of 4-hydroxycoumarins, benzo deriva¬ 
tives of 4-hydroxypyrones, are anticoagulant agents. Therefore, some 
4-hydroxy-2-pyrones have been tested as anticoagulant agents (80AP344; 
83AP845, 83AP988, 83AP1030; 84AP262). 

A family of polyketide derived fungal toxins has been identified. They 
include asteltoxin ( 5 ) (86TL2575), aurovertins ( 6 ) (86PAC239; 88T6315), 
citreoviridins ( 7 ) [80AG(E)461; 85TL231], citreoviridinol ( 8 ) (85TL3243), 
epiisocitreoviridinol ( 9 ) (87CL515), epineocitreoviridinol ( 10 ) (85TL6239), 
isocitreoviridinol ( 11 ) (85TL3243), neocitreoviridinol ( 12 ) (85TL6239), ver- 
rucosidin ( 13 ) (86TL723), and normethylverrucosidin ( 14 ) (88MI1). They 
are inhibitors of ATP synthesis and hydrolysis catalyzed by mitochondrial 
enzymes (86PAC239). In particular, citreoviridin A is related to cardiac 
beri-beri, an illness associated with yellowish rice in countries of East 
Asia that have rice-eating populations. 



asteltoxin (5) 



R 3 

Ac 

H 

H 

H 

H 



C3 C5 

citreoviridin A H Me 

citreoviridin C Me H 

citreoviridin D Me Me 
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The chemistry of the title compounds has reached maturity. Therefore, 
we believe that a review on this subject is timely. This review deals 
with pyrones of general structure 3, where R 4 is based on an atom more 
electronegative than carbon, R 3 and R 5 can be any substituent, and R 6 is a 
noncarboaromatic carbon based radical. Although many pyrones partially 
saturated at C5—C6 have been described, they are not included here. A 
review on the natural group of these pyrones has been published (89FOR1). 
Benzopyrones (coumarins) are also excluded from this work. Bicyclic 
structures containing a second heterocyclic ring have not been covered in 
a systematic manner. References up to June 1990 have been covered 
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through Chemical Abstracts indices. However, some more recent refer¬ 
ences directly detected in the original journals are also included. 

II. Spectroscopic and Other Physical Data 

A. Structure 

1. Molecular Dimensions: X-Ray Diffraction 

Structural determinations have been performed by X-ray diffraction 
on natural pyrones asteltoxin ( 5 ) (79CC441), citreomontanin ( 15 ) 
[82AX(B)1624], pectinatone ( 16 ) (90T1669), pogopyrone A ( 17 ) 

OMe 



(20) 
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[86AX(C)1017], pyrenocine A (18) (81ABC795), yangonin (19a) (71 Mil), 
and on the strained dipyranodioxocindione (20) (86JHC1511). The 
carbon-carbon bond distances alternate, pointing out to higher dou- 
ble=bond character at C3—C4 and C5—C6. The ranges are (in pm): 
01—C2: 137.5-140.1; C2—C3: 140.7-143.6; C3—C4: 134.6-139.5; 
C4—C5: 141.9-144.6; C5—C6: 132.8-135.1; C6—01: 135.3-137.3. There 
are significant differences between C3—C4 and C5—C6 lengths, the for¬ 
mer being larger as required by the conjugation between the OR group at 
C4 and the carbonyl group at C2. Data on the Schiff base of 2 with aniline 
are also available [78AX(B)2769]. 

The cobalt(II) complex of dehydroacetic acid (87MI1), the Ni(II) com¬ 
plex of dehydroacetic acid imine (67AX392), and the Ni(II) and Cu(II) 
complexes of Af,Af'-bis(dehydroaceto)ethylenediimine (85MI1) have also 
been studied. In all cases, the most salient feature is the lengthening of 
the C3—C4 bond, which now ranges between 140.0 and 143.4 pm. 

2 . UV and IR Spectra 

UV spectral data have been instrumental in determining structures of 
pyrones related to 1, which can exist in two different tautomeric forms 
(such as la and lb), rapidly interconverting in solution. In general, alkyl¬ 
ations of these types of hydroxypyrones occur at C4, but treatment of 
1 with diazomethane affords both 21a and the 2-methoxy-4-pyrone 21b 
(60JCS502). 

Borsche and co-workers studied the structure of the natural pyrone 
yangonin (19a) by degradation methods (14CB2902), but failed to formulate 
it correctly. Instead they proposed the alternative 2-methoxy-4-pyrone 
structure 19b. However, other authors later suggested the correct struc¬ 
ture on the basis of UV and IR data (58T36). They also distinguished 
between structures 21a and 21b for triacetic acid lactone methyl ethers on 
the same basis. A review on natural 6-styryl-4-hydroxy(and methoxy)-2- 
pyrones containing a good discussion on structural assignments appeared 
in 1962 (62FOR131). Further confirmation of structure 19a for yangonin 
was obtained by X-ray diffraction (71 MU). 

The UV spectra of isomers 21 and related isomeric methyl ethers show 
differences that distinguish them (62FOR131; 67AP157; 68CJC695; 
70T1685; 74CJC825; 79JA4386). Some representative examples are given 
in Table I. 

However, the assignment of structures to 21a and 21b relies ultimately 
on their different reactivity in Diels-Alder reactions: 2-pyrone 21a acts as 
a diene, but 21b does not (60JCS502). The same behavior differences have 
been observed for related methyl ethers [68AC(R)664]. 
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In general, products with free OH groups at C4 show UV spectra very 
similar to those of the corresponding 4-methoxy-2-pyrones. Therefore, 
formulae such as la better represent the structure of triacetic acid lactone 
and related pyrones in solution. 



M. MORENO-MANAS AND R. PLEIXATS 


[Sec. II.A 


TABLE I 

Examples of UV Spectra 
of Isomeric 2- and 4-Methoxypyrones 
in EtOH 


Compound 

UV spectra 

Reference 

1 

284(3.89) 

63JCS(C)4483 

21a 

280(3.80) 

58T36 

19a 

360(4.33) 

58T36 

22a 

345(4.32) 

58T36 

23a 

280(4.03) 

58T36 

24a 

280(3.85) 

58T36 

21b 

240(4.12) 

58T36 

19b 

345(3.81) 

58T36 

22b 

330(3.80) 

58T36 

23b 

235(4.22) 

58T36 

24b 

240(4.25) 

58T36 


IR spectra of 4-hydroxy-2-pyrones unsubstituted at C3 and C5 show a 
C=0 stretching absorption below 1700 cm -1 , whereas the corresponding 
ethers at C4 present this peak above 1700 cm' 1 . Also, IR spectra are useful 
to distinguish between ethers at C4 (2-pyrones) and at C2 (4-pyrones). It 
has been reported that the last absorb at -1667 cm' 1 (62FOR131). 
However, the presence of alkyl groups at C3 (69TL355) and of electron- 
donating groups conjugated at C6 [66MI1; 67JCS(C)411] might introduce 
variations. 

The 2-hydroxy-4-pyrone structure 25b was initially assigned to isodehy- 
droacetic acid [63JCS(C)4483]. However, an IR study at high dilution 
showed a broad absorption (3200-3000 cm' 1 ) due to intramolecular hydro¬ 
gen bonding only possible in structure 25a (87T5245). 

3. NMR Spectra 

a. 'H-NMR Spectra. Examination of a large number of literature 'H- 
NMR data shows that protons at C3 absorb at 8 5.22-5.60, and protons 
at C5 absorb at 5.65-6.32. Since both ranges do not overlap, 'H-NMR 
spectroscopy offers a safe criterion to distinguish between isomers mono- 
substituted at C3 or C5 (90T2035). 

b. I3 C-NMR Spectra. Some confusion is evident in papers from the 
early times of 13 C-NMR concerning assignment of signals to carbon atoms, 
mainly C2 and C4. The gated decoupled spectrum of 21a showed a sharp 
doublet (J C2 . H3 = 1.6 Hz) for the signal at 162.3, which could be assigned 
to C2. Also single-frequency decoupling experiments permitted assign- 
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ments of signals at 171.2 and 163.7 to C4 and C6, respectively 
[81JCS(P1)1173]. The ranges of Table II can be considered safe. Only 
substituents based on carbon atoms have been included in our selection, 
which has excluded data for peculiar structures, such as very rigid polycy¬ 
clic pyrones and pyrones with a high accumulation of polar groups. 

Pyrones unsubstituted at C3 and C5 exhibit narrow ranges of chemical 
shift (8) values for C2, C3, and C4. As expected, values for C6 are shifted 
to higher fields by conjugation through R 6 . Both ranges of 8 values do not 
overlap. By contrast, values for C5 are shifted towards lower fields by 
conjugating substituents R 6 . 

Substitution at C3 shifts the absorption of this carbon atom towards 
lower fields. The extreme value 105.9 corresponds to the CHO substituent 
(82CJC133). Also, absorptions at C4 are affected. Thus, depending on the 
absence or the presence of an intramolecular hydrogen bridge between 
the OH group at C4 and the group R 3 , two completely different ranges are 


TABLE II 

Ranges of 8 Values for l3 C-NMR Spectra of Differently Substituted 
4-Hydroxy and 4-Alkoxy-2-pyrones 



C3 


C4 


C5 


C6 


R 6 saturated 162.1-167.7 86.9-90.3 170.9-172.1 99.6-102.5 162.1-166.0 

R 6 conjugated 162.5-163.8 88.1-93.7 170.2-171.3 100.2-107.4 154.1-158.9 


R 4 



C3, 97-105.9 
C4, 163.4-166 
C4, 180.0-184.9 if 
intramolecular 
hydrogen bridge 
(OH - X) 


R 4 



C5, 106.1-108.8 



C5, 113.7-115.7 
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TABLE III 

°C-NMR 8 Values for Isomeric 4- and 2-Pyrones 


Compounds 

C2 

C3 

C4 

C5 

C6 

Reference 

la 

167.7 

89.3 

172.1 

101.6 

163.6 

82JCS(P2)513 

2 

161.2 

99.9 

181.1 

101.4 

169.2 

82CJC133 

21a 

162.1 

87.3 

171.4 

100.3 

164.6 

79CJC1451 


162.3 

87.0 

171.2 

99.9 

163.7 

81JCS(P1)1173 

21b 

167.4 

89.9 

181.7 

112.7 

161.5 

79CJC1451 

25 

162.5 

90.2 

169.4 

115.4 

168.4 

87T5245 

26a 

162.3 

87.6 

168.4 

115.7 

163.6 

87T5245 

26b 

167.0 

90.1 

178.9 

125.6 

163.4 

87T5245 


O OM« 



(26a) 


O O 



(26b) 


defined. Absorptions for C2, C5, and C6 are not significantly altered by 
substitution at C3. 

Substitution at C5 affects only the C5 8 values, which are shifted to 
lower fields. Depending on the absence or the presence of a carbonyl 
group at Cl' of the side chain at C5, two different ranges can be identified 
as indicated in Table II. No noticeable effects appear at C2, C3, C4, or C6 
on substitution at C5. 

I3 C-NMR spectroscopy can be a used to differentiate 4-alkoxy-2- 
pyrones from 2-alkoxy-4-pyrones. Some selected examples are included 
in Table III. The examples show two differences: absortions forC4 carbon 
atoms are shifted by 10 ppm or more towards lower fields in 4-pyrones as 
compared with the isomeric 2-pyrones; and the same effect is observed 
for C5 (8-17 ppm). Data for 1 and 2 and other 4-hydroxy-2-pyrones are 
also included for comparison. Further examples of i3 C-NMR data for 
isomeric methyl ethers have been reported (83TL1917, 83TL3055; 
87JOC5326). 

4. Mass Spectra 


The mass spectrum of methyl ether 21a has been studied in detail 
(65TL123), and the fragmentation pathways have been confirmed by identi- 
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fication of metastable ion peaks. Similar fragmentations have been identi¬ 
fied for 1 and its isotope isomer dideuterated at C3 and C4—OD positions 
(65TL123). 

Detailed studies on 6-alkyl-4-hydroxy-2-pyrones (71ACS3441) and on 2 
(67T2807) have been reported. 

Analysis of fragmentations have been very useful in determining struc¬ 
tures of several natural and related 2-pyrones, such as luteoreticulin 
(69TL355), nectriapyrone (75TL1655), secocitreoviridin [82JCR(S)224], 
citreoviridin [80AG(E)461], and asnipyrones A and B [89H(28)899] (see 
Tables IV and V in Section IV for structures). Fragmentation analysis was 
also used to discover that the methyl group at C-6 of 3,5,6-trimethyl-4- 
methoxy-2-pyrone was selectively oxidized with selenium dioxide 
[75S192; 82JCR(S)224]. 


B. Other Physical Data 
Thermodynamic Data 

4-Hydroxy-2-pyrones are acidic compounds. Some pK a values have 
been determined in water: 1,4.94; 2, 5.26; 25a, 3.93 [83JCS(P2)471 ]. Data 
for the less acidic Schiff bases of 2 are also available [83JCS(P2)101 1]. 

The enthalpy difference for the equilibrium 21b +* 21a in the gas phase 
has been measured to be AH g = -8.8 ± 2.1 Kcal/mol, indicating the 
higher stability of isomers with the 2-pyrone structure (74JA3867). 


III. Preparation from Open Chain Compounds 

Preparation of pyrones dealt with in this review can be achieved by 
modifying previously existing pyrones or by cyclizing open-chain com¬ 
pounds. In this section, we will cover the second strategy, leaving the 
modification of other pyrones for the reactivity section. 

Three main types of preparations from open-chain compounds can be 
found in the literature. Possibly the largest number of examples involves 
cyclization of conveniently functionalized open-chain acids or acid deriva¬ 
tives already containing all the final carbon atoms; only the bond 01—C2 
is formed in the cyclization. Another series of preparations involves the 
formation of bonds 01—C2 and C4—C5 at the same synthetic step, starting 
from precursors containing the fragments C2—C3—C4 and C5—C6-—01. 
Finally, many examples of preparations are encountered in which bonds 
01—C2 and C3—C4 are formed at the same synthetic step. This requires 
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that the precursors carry the fragments C2—C3 and C4—C5—C6—01. 
Some scattered examples outside these three general methods have also 
been reported. 


A. Closure (01—C2) 


The success of this strategy depends on the availability of open-chain 
materials containing all the carbon atoms possessing the required function¬ 
ality. Borsche and Bodenstein adopted this type of closure to prepare 
pyrones of the Kawa family (29CB2515; 62FOR131), but they used open- 
chain precursors obtained by degradation of the same Kawa pyrones in 
an attempt to elucidate their structures. 

The polyanion chemistry developed by Harris offers an important access 
to the required open-chain compounds. Thus, treatment of /3-diketones 27 
with two equivalents of strong base forms the dianions which, by reaction 
with carbon dioxide (66JOC1032; 68JOC2399, 68T6897; 69T2687; 
76JA7733) or with OCS (69T2687; 76JA7733), provides the required /3,8- 
diketoacids 28. Cyclization of the diketoacids to 4-hydroxy-2-pyrones 29 
is accomplished with HF or acetic anhydride.Triacetic acid lactone la¬ 
beled with 14 C at C2 has been prepared by this method [88JCS(P1)755], 


o o 




1) NaNH 2 /NH 3 (l) 

2) C02/ether 


(27) 3) H 3 0 + 


O O O 
JJ LI JJ HF 

R'^^^'OH-1 

(28) 



O O 


(Vi 


(30) 


1) 2 LDA/THF 

2) C0 2 




The carboxylation method can be applied to /3-diketones substituted at 
The activated Ca, such as 30 [68T6897; 80JCS(P1)2272; 87LA987; 
88JA470]. The substituents finally appear at C5 on the pyrone ring (31). 
This has been applied to the synthesis of citreomontanin (15) (87TL2455) 
and asteltoxin (5) (84JA4186), in which the substituent is a methyl group 
and the cyclization steps were performed with trifluoroacetic acid and 
carbonyldiimidazole, respectively. The reported yields for the carboxyla- 
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tion reactions and subsequent cyclizations are very variable. However, it 
has been shown that the success of the carboxylation procedure depends 
on the amount of ketoenol form in the starting diketone. Thus, yields can 
be improved by using diketone samples freshly recovered by hydrolysis of 
their copper(II) complexes (90SC1931). Diketones with bulky substituents 
at C a that are completely in their diketo forms cannot be carboxylated. 

Methyl 3,5-dioxohexanoate (32) is easily available from 2 (76SC81). 
Regioselective alkylations of 32 at its C2 and C4 positions through the 
Cu(II) and Co(II) complexes 33, respectively, have been reported. Cycliza- 
tion of the resultant diketoesters 34a, b by treatment with diazabicyclourde- 
cene (DBU) in benzene gives access to a broad array of 3-alkyl-, 5-alkyl-, 
and 3,5-dialkyl-4-hydroxy-2-pyrones 35 and 36 (87CC644, 87TL3715; 
89TL3105; 90T2035). 

2 XWo„-r 

(32) (33) 


OH 



(34b) (3<) 


Dianon formation in /3-diketoesters instead of /3-diketones followed by 
quenching with electrophiles provides a route to pyrones optionally substi¬ 
tuted at C3. Thus, nectriapyrone (37) has been obtained in a sequence 
including oxidation of a C5—C6 dihydropyrone (76TL1903). A similar 
strategy has been followed in two syntheses of elasnin (4) through interme¬ 
diates 38-40 (80TL1281; 86JOC268) and in the preparation of pyrones 
related to it (85JMC1828). Further examples can be found (82CJC2821). 
/3,8-Diketoesters can also be prepared by procedures different from car¬ 
boxylation, as in a synthesis of luteoreticulin (see Tables IV and V for 
structure) [76JCS(P 1)404] and other pyrones [72JOC1145; 73CC568; 
75S259; 77JCR(S)200]. 

Interesting variations of the Ol—C2 closure give rise to pyrones con- 
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MeCOCH(Me)COOMe 
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taining fluorine (41) (81JOC144), chlorine (42) (79BCJ811; 80LA403), and 
nitrogen (43) (85LA149) atoms at C4. 

A different approach can be found in the reaction of diketene 44 with 
Meldrum acid (45). Treatment of the resulting derivative 46 with TsOH in 
benzene forms 3-carboxy-4-hydroxy-6-methyl-2-pyrone (47) (84SC265). 



(47) 


The (01—C2) closure is also useful for preparing fused pyrones such 
as 48 (87AP837), 49 (78CJC638), 50 (X = NH, S) [90JCS(P1)673, 
90JCS(P1)681], 51 [78CR(C)381], and 52 [84JCR(S)296.] 
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B. Closure (01—C2) + (C4—C5) 

Malonyl dichloride (53) is a reagent frequently used to build the 
C2—C3—C4 part of the required pyrones. The second building block gives 
the C5—C6 fragment together with substituents at C5 and C6. It can be a 
symmetrical 0-diketone [63JCS(C)4483; 66JA834; 85CJC1161; 87T5245], 
such as pentane-2,4-dione; isodehydroacetic acid (25a) is the final product. 
Other useful building blocks for preparing pyrones 54 and 55 are enol 
ethers [82AG(E)871; 84CB3270; 86CB3394], enamines (82P243), and lith¬ 
ium enolates (90CB1175). 
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Other activated forms of malonic acid are also useful. Thus, the combi¬ 
nations of carbon suboxide with diketones (68TL3647; 76AP558; 84MU), 
ketones (68TL3647), and trimethylsilyl enol ethers [89H(29)913]; of 
diethyl phenylthiomalonate with a 3-hydroxythiophene derivative 
(65CR5709) to afford 56 ; and of di- and trichlorophenyl malonates with 
ketones [58M678; 70TL5105; 72JOC1145; 76AP558: 77ZN(B)1189; 
79CB2756] and with /8-diketones [76AP558; 77ZN(B)1189] have been used 
to synthesize 4-hydroxy-2-pyrones. 


OH 



Other substituted malonic esters 57 afford pyrones 58 . The benzyl group 
at C3 can be eliminated by treatment with aluminium trichloride (58M678). 
/3-Ketoesters such as 60 react regioselectively, with an ester group ending 
up at C5 of the pyrone ring [66JA834; 69JCS(C)1997; 75S259; 81JHC363], 
as in 61 . Unsymmetrical /8-diketones do not react regioselectively 
[77ZN(B)1189], 


COO-C 6 H 3 Cl 2 -2,4 oh 



(59) 



18 


M. MORENO-MANAS AND R. PLEIXATS 


[Sec. ttl.B 



OEt OH 



(«D 


A difficulty encountered in this type of synthesis is the reaction of a 
second equivalent of 53 at O—C4 and C3 to form a second pyrane ring 
[68TL3647; 69JCS(C)1997]. 

Ketene dithioketals 62 are also useful building blocks (84CPB3384; 
87JHC1325, 87JHC1557) that give rise to 4-alkylthiopyrones 63 , Cya- 
noacetic ester 64 reacts with diketones to afford 4-amino-2-pyrone deriva¬ 
tives 65 (76LA250). Also, reaction of 2-chloronicotinic acid with sodium 
pentane-2,4-dionate gives the pyranopyridine 66 [89IJC(B) 173]. These 
three reactions are remarkable in that they produce 2-pyrones substituted 
at C4 with atoms different from oxygen. 



SMe 


SMe O 





NCCH 2 COOC 6 H 2 Cl3-2,4 f 6 

(64) 


O NHCOCI 




COOH 



(66) 
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C. Closure (01—C2) + (C3—C4) 

The reaction of two equivalents of /3-diketoesters, such as 67 , in the 
presence of sodium hydrogen carbonate is the old method, leading to 3- 
acyl-2-pyrones (68) [24CB1489; 36CB2373; 550SC(3)231], which can be 
frequently found in the chemical literature [33CB1512; 39CB35; 
52RTC779; 64RTC39; 65JCS2283; 72JCS(P1)367, 72JCS(P1)692]. Phos¬ 
phorus pentoxide has also been used as a condensation agent for ethyl 
4,4,4-trifluoroacetoacetate in a preparation of 6-trifluoromethyl-4- 
hydroxy-2-pyrone (82IZV1657). 

/3-Diketoacids also react in the same manner in the presence of carbonyl- 
diimidazole (81CPB2762; 87JMC1017). 

Since acyl chains at C3 can be efficiently eliminated by treatment with 
90% sulfuric acid, this method affords pyrones monosubstituted at C6. 
Triacetic acid lactone (1) is prepared from 2 by this procedure 
(1891JCS607). 

A /3-dike toes ter can be considered a diketene equivalent, and some 
preparations are based on ketenes and derivatives [70JOC3322; 
74BSF(2)2086; 75CJC201; 79LA219; 81JOC147, 81JOC153, 81JOC4047], 
Also, thermal treatment of /3-diketoesters leads to 3-acylpyrones, possibly 
through ketenes as intermediates (33CB1512; 39CB35; 71JOC3787). 



m 


An exceptional use of a ketene as synthon for pyrones is exemplified by 
the preparation of steroidal pyrones 69 from dichloroketene (89PHA227). 

D. Miscellaneous Closures 

A few examples of pyrone ring formations different from those pre¬ 
viously discussed have been reported. 
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1. (01 — C2) + (C2—C3) Closure 

This very infrequent approach has been used to prepare the thienopy- 
rone 48 (67RTC971) from 2-acetyl-3-hydroxythiophene. 

2. (01—C2) + (C5—C6) Closure 

Examples can be found in a Reformatsky cyclization combination 
(81JHC363) and in a hetero Diels-Alder reaction (83JHC501), which gives 
halogenopyrones 70. 



3. (01 — C6) Closure 

It is noteworthy that this unusual strategy was used in an old synthesis 
of 5,6-dehydrokawain (50RC144). Much later, a similar approach also 
based on the displacement of a chlorine atom was described (70CB1011; 
80LA403) for the preparation of the polychlorinated pyrone 71 . 

4. (C3 — C4) Closure 

Another preparation of 48 from 3-acetyoxy-2-methoxycarbonylthio- 
phene (67RTC971) uses this approach. 


E. Other Preparations 


The reaction of 3,4,5,6-tetrachloro-2-pyrone with Grignard reagents re¬ 
sults in substitution of the chlorine atom at C6 (77CB1000). Nucleophilic 
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O 




EtOCOOEt_ 

Na 




I 


attacks of enolate anions on 4,6-dimethoxy-2-pyrones result in substitu¬ 
tions at C6 (82TL1971; 89TL3505). 

Trimerization of ketenes [77HCA3007; 89IJC(B)285] and treatment of 
acetyl chloride with aluminum trichloride (73USP3743658) produce 4- 
hydroxy-2-pyrones. 

Formation of ^-substituted 4-amino-2-pyrones has been observed in 
reactions of ketene with some of its derivatives (64JOC2513). 


IV. Natural Occurrence 

Many natural 4-hydroxy- and 4-methoxy-2-pyrones have been isolated 
from natural sources. Some of them bear biogenetically plausible substitu¬ 
ents at C3 or C5 or at both, and significant examples were presented in 
Section I. 

Triacetic acid lactone (1) is one of the simplest polyketides, and its 
formation from acetyl-CoA and malonyl-CoA has been proved 
(68JBC5471). Biogenetic formation of triacetic acid lactone has been con¬ 
sidered a derailment from fatty acid biosynthesis promoted by the absence 
of the reductant NADPH (69MI1). Pyrone 1 has been isolated from micro¬ 
organisms (67JA676) and is transformed into tropolone derivatives by 
Penicillium stipitatum (67JA681). 

6-Acetonyl-4-hydroxy-2-pyrone (tetraacetic acid lactone) (73) is also a 
natural product (67JA676). 

Curiously, dehydroacetic acid (2) has also been isolated from natural 
sources (76E1490 ; 78MI1) and should be considered a branched 
polyketide. 

Some families of natural products within the framework of this review 
should be considered. Thus, the so-called kawa pyrones have attracted 
considerable attention during the first half of this century. They are com- 
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pounds possessing the general structures 6-aryl-, 6-(2-arylvinyl)-, and 6- 
(2-arylethyl)-4-hydroxy(or methoxy)-2-pyrones. Some of them are satu¬ 
rated at C5—C6 of the pyrone ring and are outside the scope of this review. 
However, a revision on natural C6 substituted 5,6-dihydro-2-pyrones is 
available (89FOR1). Kawa pyrones are constituents of the kawa resin 
extracted from the roots of kawa shrubs [Piper methysticum FORST (fam¬ 
ily, piperaceae)]. Kawa resin exhibits stimulating properties which have 
not been confirmed for the individual components (62FOR131). However, 
kawa pyrones and other structurally related pyrones are much more 
broadly distributed in nature, and all of them are listed in Table VI later 
in this section. 

Another interesting group is constituted by fungal toxins such as citreo- 
viridin A (7), asteltoxin (5), aureovertin B (6), and related pyrones that 
were discussed in Section I. Studies on their biosynthesis have been 
performed and, in particular, a review on the biosynthesis of 5-7 has been 
published (86PAC239). 

We present in Table IV the trivial names of all pyrones not categorized as 
kawa pyrones. Three headings appear in Table IV: (a) Structure, including 
structural elucidation. References for isolation procedures and natural 
sources can be found, since they are quoted in the papers dealing with 
structure elucidations. Therefore, they have been omitted in this review; 

(b) Synthesis, including only those papers in which the target molecule is 
accomplished, but omitting reports dealing with syntheses of parts of 
the molecules. Preliminary communications have not been included when 
full papers of the same research group have already been published; 

(c) Biogenetic studies, embracing both biogenesis and biotransformations. 
Papers included in the useful review of Vlegaar (86PAC239) are not men¬ 
tioned, except those that were indicated therein to be in press. For these, 
the full references are now given. We believe this concise presentation 
includes all the important information required. For structures of the 
pyrones in Table IV, see Table V. 

Table IV embraces a vast array of substituents on the pyrone ring. The 
ocurrence of long chains at C-6 of polyacetate and polypropionate origin 
is frequent. Structure epimeric at C5' of 109 was tentatively assigned to 
norpectinatone, a metabolite of the pulmonate Siphonaria lessoni 
(84JOC2506). However, an independent synthesis (86TL4713) showed the 
synthetic product to be different from norpectinatone isolated from the 
natural source. The related pectinatone (16) has been shown by X-ray 
diffraction to have the indicated stereochemistry [90T1669,90JCS(P1 )805]. 
However, the opposite configuration at C5' in the side chain at C6 was 
also first assigned to 16 (83TL3055). It has been suggested that the stereo¬ 
chemistry of the C6 side chain of norpectinatone (109) is as for 16 
[90JCS(P 1)805]. 
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TABLE IV 
Natural Products 


Product 

Structure 

Synthesis 

Biogenetic 

73, 6-Acetonyl-4-hydroxy-2-pyrone 

67JA676 

71T3025 

67JA676 



7IT3039 


74, ACRL toxins of Alternaria citr, 

i 86P69 



75, 3-Acyi-4-hydroxy-2-pyrones 

75P2712 



76, Aglajne-3 

87JOC5326 



77, 6-Alkyl-4-hydroxy-2-pyrones 

81 MI 1 



78, Arenol 

71TL247 



79, Asnipyrone A 

89H(28)899 



80, Asnipyrone B 

89H(28)899 



5, Asteltoxin 

79CC441 

84JA4186I + / -) 

85CC1633 


86TL2575 

90T2353( +) 

86PAC239 

81, Aszonapyrone 

82ABC1963 



6, Aurovertins (A,B,C,D,E) 

78AX(A)S79 

88T63I5" 

85CC1796 


88T63I5" 


86PAC239 

Bisnorhelipyrone (see Colietopyrone) 



15, Citreomontanin 

82AX(B)I624 

85TL4789 

81P1279 



87TL2455 


Citreopyrone (See Pyrenocine A) 




7, Citreoviridins (A,C,D) 

77T3077 

85TL23K-) 

80AG(E)46I 


80AG(E)46I 

87JOC5067(+/-: 

» 85CC153I 


85TL23I 

88JA470( -) 

86PAC239 

8, Citreoviridinol 

8ICL1285 

86CLI973 



85TL3243 



82, Coarctatin 

75JCS(PI)999 



83, Colietopyrone 

75PI383 




76ABC1453 



84,Conrauanalactone 

80PI187 



2, Dehydroacetic acid 

See text 



85, Deoxyradicinin 



88JCS( P1) 1283 

86, Deoxyradicinol 



88J CS( P1) 1283 

87, Dhelwangin 

69TL2279 



88, Diemenensin A 

83TLI917 



89, Diemenensin B 

83TLI9I7 



4, Elasnin 

80JOC3268 

80TL128H + /-) 

80JOC3268 



86JOC268I + / -) 


90, 3-Epideoxyradicinol 

84P767 

88JCS(P1 >1283 


9, Epiisocitreoviridinol 

87CL5I5 

87CL5I5 


10, Epineocitreoviridinol 

85TL6239 



91, 6-Ethyl-4-hydroxy-3,5- 

89PI546 



dimethyl-2-pyrone 




92, Helipyrone 

70TL3369 

70TL5I05 



75PI383 

82P243 



80P153 




80P639 




82P243 




( continued ) 
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TABLE IV ( Continued ) 


Product 

Structure 

Synthesis 

Biogenetic 

studies 

93, Homoarenol 

71TL247 



94, 4-Hydroxy-3,6-Dimethyl- 
2-pyrone 

95, Islandic Acid 

66JA834 

82CC83 

66JA834 

75S259 

68JA5302 

96, Isoaureothin 

11, Isocitreoviridinol 

97, 3-Isopentenyl-6-pentadecyl- 
2-pyrone 

98, LL-P880y 

61T252 

85TL3243 

82P1393 

73JOC3542 

86ABCI649 

87CLI381 


99, Luteoreticulin 

69TL355 

76JCS(P 1)404 


100, Macommelin-9-ol 

83CPB378I 


88CPB1328 

101, Macommelin-8-ol 

83CPB378I 


88CPB1328 

102, Macommelin 

83CPB378I 


88CPB1328 

103, Macommelin-8,9-diol 

83CPB3781 


88CPB1328 

104, Macommelinal 

88CPB1328 


88CPB1328 

105, Macrophin 

88CPBI328 


88CPB1328 

106, Macrophic acid 

88CPB1328 


88CPB1328 

107, Mundulea Lactone 

67CC577 

67CC577 


37, Nectriapyrone 

75TLI655 

85P937 

76TLI903 

81JHC363 


12, Neocitreoviridinol 

108, Norhelipyrone 

14, Normethylverrucosidin 

85TL6239 

75P1383 

88MII 

86CLI973 


109, Norpectinatone 

110, Obtusifolin 

84JOC2506 86TL47I3 

86TL47I3 (See text) 

90JCS(P1)805 

70TL3643 


111, Opuntiol 

112, P8/1-OG Lactone 

113, PC-2 

65T93 

73P2059 

8IMI2 

78ABCI625 

75SI92 

82JHCI57 


16, Pectinatone 

90T1669 (See text) 

90JCS(PI)805 


114, Phacidin 

82CJC282I 

82CJC2821 

82CJCI33 

115, Phloraspyron 

116-120, Phloroglucinyl pyrones 

63ACS1886 

SOP153 

80P639 

86P1I33 

89PI6I3 

63ACSI886 


121, Phloropyron 

17, Pogopyrone A 

6IACS839 

841 JC( B )611 
86AX(C)10I7 

6IACS839 



( continued) 
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TABLE IV ( Continued) 


Product 

Structure 

Synthesis 

Biogenetic 

Pogostone (See Dhelwangin) 

122, Pycnophorin 

18, Pyrenocine A or citreopyrone 

86TL2121 

80TL4481 

87T5245 

84TL1583 

123, Pyrenocine B 

81ABC795 

87T5245 

85MI2 

84TL1583 

124, Pyrenocine C 

84P2693 


85MI2 

85MI2 

125, Pyronylpropionic acid 

126, Radianthin 

127, Radicinin 

77BJ7I5 

69JCS(C)1997 

69JCS(C)!997 

88JCS(P1)1283 

70JA2157 

128, Radicinol 

129, Rosellisin 

77TL3271 
77TL3271 
76P1090 


75ABC915 

76P1090 

130, Rosellisin aldehyde 

131, Secocitreoviridin 

83CPB378I 

76P1090 

81CL1285 

82JCR(S)224 


132, S39I63/F-I 

133, Sesquicillin 

134, Solanopyrone A 

88USP4753959 
73GEP2316429 
85TL2453 

87TL1175 

89CC1282 

135, Solanopyrone B 

136, Solanopyrone C 

137, Solanopyrone D 

73, Tetraacetic acid lactone 
(See 6-acetonyl-4-hydroxy- 
2-pyrone) 

1, Triacetic acid lactone (See text) 

13, Verrucosidin 

83TL5373 

85TL2453 

83TL5373 

89CC1284 

83CC544 

88JA5201 



84JOC3762 

86TL723 




“ Aurovertin B 


A family of pyrones with polycyclic substituents at C-6 has been identi¬ 
fied (83TL5373; 85TL2453; 89CC1284) and named solanopyrones A, B, C, 
and D (134-137). Solanopyrone C is most unusual in that its substituent 
at C4 is not found in natural products. Further confirmation of its natural 
origin would be of interest. Compounds 96 and 99 exhibit a nitro group at 
a phenyl ring. Other structural types frequently encountered are pyrones 
with substituted benzyl groups at C3 such as 78, 110,115, and 116-119; 






89 Me OH 

90 See formula 

91 Me OH 

92 See formula 

93 As for 78 OH 

94 Me OH 

95 MeCH=CHCH=CHCOOCHi— OMe 


96 


Me 


OMe 


97 


Me 2 C=CHCH 2 — 


OH 


H 


Me 


H 

H 

Me 

Me 


«-C, 5 H,| 

H 

^TYYY 

'^rrrx 
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Compound 


R 3 


R 4 


R 6 


98 


100 

101 

102 

103 

104 

105 

106 

107 

108 


110 

111 


H 

OMe 

H 

Me 

OMe 

H 

H 

OMe 

HOCH 2 CH 2 — 

H 

OMe 

MeCHOH— 

H 

OMe 

MeCH 2 — 

H 

OMe 

HOCH 2 CHOH— 

H 

OMe 

HCOCH-)— 

Me 2 C=CHCOOCH 2 — 

OMe 

HOCH 2 — 

Me 

OMe 

Me 

CH 2 =CHC(Me) 2 — 

See formula 

OMe 

H 

Me 

OH 

Me 

See formula 

H 

OMe 

H 


OH 

'^ X ir 

OH 

jorry 

NO2 

Me 

Me 

Me 

Me 

Me 

MeOCOCH=CH— 
HOCOCH=CH— 
PhCH=CH— 


OTYY^ 


hoch 2 — 




CH(OH)-CH(Me>- 



MeCH(OH)CH 2 CO— 


(continued) 



Compound R’ R 4 

124 H OMe 

125 H OH 

126 See formula 

127 See formula 

o 128 See formula 

129 HOCH,— OMe 

130 HOCH,— OMe 

131 H OMe 

132 See formula 



Jr 1 


V ( Continued ) 


R 5 


R 6 


MeCH=CHCH(OH)— Me 

Me HOCOCH,CH,— 


HOCH,— MeOCOCH=CH— 

CHO MeOCOCH=CH— 

Me HCOCH=CH— 


Me 


Me 



134 CHO OMe H 

135 HOCH,— OMe H 

136 HCO HOCHjCHiNH— H 


137 


H 



HCO 


OMe 



O OMe 
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OH 



(132) 


pyranopyrones (82, 85, 86, 90,127, and 128) and bispyrones (83, 92, and 

108). 

Kawa pyrones and structurally related pyrones are broadly distributed 
in nature from a taxonomic point of view. Moreover, their structures are 
simple. Therefore, we preferred to present in Table VI the names and 
structures of the known 6-(2-arylvinyl)- and 6-(2-arylethyl)-4-hydroxy(or 
methoxy)-2-pyrones so far identified. The interested reader can comple¬ 
ment the bibliography through conventional methods. We have adopted 
the numbering which gives numbers 7-14 to the carbon atoms through the 
styryl (or phenylethyl) group, and when a different numbering has been 
found (viz. l'-4' for the benzene ring), it has been modified accordingly. 


V. Reactivity 

The pyrones in this review react at their different ring positions. Position 
C3 is highly nucleophilic, presenting the characteristic reactivity of ends. 
Therefore, reactions at C3 result in introduction of an electrophile with 
conservation of the pyrone structure. On the other hand, positions C2, C4, 
and C6 are strongly electrophilic. Reactions at C4 produce substitution. 
However, reactions with nucleophiles at C2 and C6 cause initial opening 
of the ring, which, in general, is followed by a different cyclization to 
afford a new heterocyclic system or a substituted benzene. Position C5 is 
quite inert. The methyl group at C6 can be functionalized in different ways 
so as to confer electrophilic or nucleophilic reactivity to it. 



TABLE VI 

Natural 6-(2-arylvinyl)- and 6-(2-arylethyl)-4-hydroxy(or methoxy)-2-pyrones 



<xx 

13 

A 



Structure 




Compound 

or synthesis 

R 4 

R 5 

C7—C8 R" R l: 

Aniba dimer A (138) 

77P30I 



See formulae 

Aniba dimer B (139) 

71P3167 



See formulae 

Bisnoryangonin 

68MII 

OH 

H 

= H OH 

3,14'-Bihispidinyl (140) 

77CBI058 



See formulae 

5,6-Dehydrokawain (22a) 

76JOC4070 

OMe 

H 

= H H 

5,6-Dehydromethysticin 

75S192 

OMe 

H 

II 

1 

T 

n 

1 

o 

1 

Demethoxyyangonin 

85MI3 

OMe 

H 

= H H 

Dihydro-5,6-dehydrokawain (24) 

66YZ1184 

OMe 

H 

- H H 

7,8-Epoxy-5,6-dehydrokawain 

86J1C780 

OMe 

H 

Epoxy H H 

Fasciculine A (141) 

77CBI047 



See formulae 

Fasciculine B (142) 

77CB1047 



See formulae 

Hispidin 

77CB1058 

OH 

H 

= OH OH 

12-Hydroxydehydrokawain 

77MI1 

OMe 

H 

= H OH 

Hymenoquinone (143) 

77CB1063 



See formulae 

Hypholomine A (144) 

77CB1047 



See formulae 

Hypholomine B (145) 

77CB1047 



See formulae 

Leucohymenoquinone (146) 

77CBI063 



See formulae 

5-Methoxy-5,6- 

73CB3II9 

OMe 

OMe 

= — 0—CH,—0— 

dehydromethysticin 





11-Methoxynoryangonin 

85M14 

OMe 

H 

= OMe OH 

11-Methoxyyangonin 

75S192 

OMe 

H 

= OMe OMe 

Yangonin (19a) 

62FORI31 

OMe 

H 

= H OMe 


OH 




n= 1 dimer A (138) (140) 

n= 2 dimer B (139) 




A. Reactions That Maintain the 2-Pyrone Structure 
1. Reactions at C3 with Electrophiles 

a. Acylation. Acylation of 1 and related pyrones gives enol esters 151 
under kinetic control, but it gives acyl derivatives 152 under thermody¬ 
namic control. Esters 151 can be isolated and further rearranged to 152 
(69JHC13). Acylations can be performed with anhydrides or acid chlorides 
under sulfuric acid (69JHC13) or titanium tetrachloride (77G455) catalysis 
in refluxing trifluoroacetic acid (69JHC13; 85JMC1106; 87JMC1017; 
88MI2) and in hot pyridine (57JPJ94; 88MI2). 


OCOR 



(152) 


1 
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(158) (159) 


Introduction of a formyl group at C3 on methyl ethers can be performed 
by direct treatment with dichloromethyl methyl ether under titanium tetra¬ 
chloride catalysis (82CJC2821), as in the conversion of 153 into 154 or by 
modification of the side chain of pyrone 2, including an oxidation step on 
methyl ether 156, to afford 157 (87TL1175). 3-Formyl-4-hydroxy-6-methyl- 
2-pyrone (159) has been prepared from 1 by reaction with triethyl orthofor¬ 
mate and aniline, followed by hydrolysis of 158 (75M963). 

b. Alkylation. Compound 1 and related 4-hydroxy-2-pyrones have a 
high propensity to form enol ethers under conventional alkylation condi¬ 
tions. Therefore, rather specific conditions have to be used to achieve 
reaction at C-3. This includes reversible reactions that kinetically occur 
at the oxygen atom. The most general method for alkylation at C-3 is the 
thermodynamically controlled palladium catalyzed allylation with allylic 
acetates (160) to afford compounds 161 which, upon hydrogenation, can 
be easily transformed into 3-alkyl derivatives 162 (88JOC5328). Of course 
this method permits only the introduction of alkyl groups, both primary 
and secondary, possessing three or more carbon atoms. Mechanistic stud- 
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1 + AcOCHR 1 -CH=CR 2 R 3 
(1«0) 


Pd(acac) 2 

PPh 3 



d«) (162) 


ies on this allylation procedure dealing with stereoselectivity (88JOC5328) 
and regioselectivity (89TL3109) have been published. The allylation 
method is complemented by the thioalkylation-desulfuration sequence 
from 1 to 164 (84S430) that is useful for introducing several benzyl and 
linear chains as well as the methyl group, depending on the starting alde¬ 
hyde. Similar reactions using piperidine instead of benzenethiol produce 
compounds 165 (86JHC413). 


1 + RCHO + PhSH 


OH R OH 

► SPh —* iV r 

NiRa ^ 0^0 


OH R 



(165) 


The obvious alternative based on the reaction of 1 with alcohols is of 
limited value and has been applied to alcohols that are precursors of 
stabilized carbenium ions, both under protic (83AP988) and cobalt(II) 
chloride catalysis (83MI1) and under purely thermal conditions (59CB982). 
This last paper describes an unusual case of carbon-carbon formation, 
although in low yield, under Sandmeyer conditions at C3 of pyrone 1. 




The Michael addition, a reversible reaction, produces alkylation at C3 
[83AP988; 86JCR(S)374] as exemplified by the formation of 166, which 
can further be elaborated to 167 and 168 [86JCR(S)374], A preparation of 
the natural product 94 involves hydrogenation of 158 [82ZN(B)I05], 



(169) (170) 

Branched radicals can be introduced at C3 by Claisen rearrangement of 
enol ethers. This has been used to prepare 170 in one step of the synthesis 
of Mundulea lactone (107) (67CC577). Further examples can be found 
(88JOC5328). 


c. Reactions with Aldehydes and Ketones. Triacetic acid lactone re¬ 
acts with aromatic (82JHC335; 90T7885) and aliphatic saturated aldehydes 
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and cinnamaldehyde (84JHC85) to afford compounds of general structure 
172. These reactions seem to take place through the electrophilic interme¬ 
diate 171 which can be trapped with thiols (82JHC335) and with piperidine 
(86JHC413) to afford the previously discussed products 163 and 165. Reac¬ 
tions with 2-butenal (84JHC85) and with ketones (84JHC1369) are rather 
complicated, and more research is needed before general trends will 
emerge. Product 20 has been prepared by reaction of 1 with pentane-2,4- 
dione (84JHC1369). 


o oh R oh 



(173) 


Reaction of 1 with salicylaldehyde results, instead, in an intramolecular 
translactonization to afford compound 173 (84JHC1371, 86JHC151 1 ). A 
similar case has been described in the patent literature (87EGP242805). 
Great care should be exercized in structural assignment in the pyrone field 
when translactonizations are possible (87T2381). 

The general behavior of 4-hydroxy-2-pyrones towards aldehydes has 
been used in the synthesis of helipyrone (92) from 55 (70TL5105; 82P243). 

d. Halogenations. Two papers deal in great detail with brominations 
of pyrones covered in this review (70JOC1329; 85JHC1537). Whatever the 
reagent (bromine or NBS) or the conditions, 4-hydroxy-2-pyrones are 
always brominated at C3, as exemplified by the formation of 174 and 175 
(51CB343; 70JOC1329; 85JHC1537). However, the methyl ether 21a can 
be brominated at C3 under an ionic mechanisms to form 176 and at the 
methyl group at C6 under radical conditions (74JOC3615; 85JHC1537) 
using N-bromosuccinimide (NBS) and a radical initiator. The high ten- 
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OH O 



(174) (175) 


2 


NBS/CHClj /I 2 
ref., dark 



(177) 


O' + 



(179) 

I 


OMe 



(174) 


O 




(182) 


Nu = 





OPh 



(181) 



dency of 4-hydroxy-2-pyrones to be brominated at C3 is evident in the 
transformations of 2 into 177 (70JOC1329) and of 91 into 178 (87LA987). 

Reaction of 1 with iodosobenzene affords the betaine 179, which ther¬ 
mally rearranges to the iodo derivative 180, which can be reduced to 181 
[83ZN(B)398]. Reactions of 179 and 174 with neutral nucleophiles afford 
the betaines 182 [83ZN(B)398]. 
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e. Other reactions. The sequence starting from 1 and leading to 3- 
nitro (183), 3-amino (184), and 3-diazo (185) compounds has been reported 
(51CB343; 89MI1). Diazotization of 1 produces compounds 186 (88MI3) 
and has attracted a great deal of attention in the patent literature (i.e., 
78GP2808795) since the resulting diazo compounds can be converted into 
N-arylpyridazines (see Section V,B,2), which have potential application 
as agrochemicals. Compounds 187 can be prepared by reaction of 1 with 
triethyl orthoformate and amines [75M963; 82ZN(B)105; 84M1353; 
87ABC2775; 88MI3]; an application was discussed in Section V,A,l,b. If 
no amines are present, 1 reacts with ethyl orthoformate to give a 2:1 
adduct to which structure 188 has been assigned [76ZN(B)95]. 


OH OH 


hno 3 

irV 01 - 


1 H 2 so 4 



|at-N 2 + 

(183) 

(184) 

NaN0 2 | H+ 

- if" 


it: 

(18«) 


(185) 

o r 


OH O 

HC(OEt) 3 

^ HCOOEt^ 

• ifV'V\ 



' / ^0 / ^00^0 / N 

(187) 


(188) 

Pyrone 1 reacts with pyridinium salts such as 189 to afford 190 
(88AP897). It also reacts with other related salts (85T4529) and N- 
acylimines (88T5403). Treatment of 1 with thionyl chloride affords the 
sulfide 191 (82MI1). Reactions of 1 with 5-ary 1-1,2-dithiolylium iodides 
(192) give betaines 193 (77T869). One case of sulfonyloxylation of 1 has 
been described (90JOC315). 
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OH OH 



(191) 



(192) (193) 


t 



Treatment of 21a with lithium diisopropylamide (LDA), or with n-BuLi 
in tetrahydrofuran (THF) at -78°C followed by quenching with electroph¬ 
iles has been reported to afford products 195 through the kinetically con¬ 
trolled lithium derivative 194 (80CC1227). This behavior is rather excep¬ 
tional since 21a reacts at the methyl group at C6 (See Section V,A,4,b) in 
the presence of magnesium methoxide in refluxing methanol. Also, py- 
rones substituted at C5 with methyl or methoxycarbonyl groups react 
at the same methyl group at C6 under lithiation conditions that can be 
considered identical to those described here to yield 194. However, an¬ 
other paper describing lithiation and quenching of the lithium derivative 
of 21a at C3 with an aldehyde has appeared [91 JHC(ip)]. 
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e = d 2 o, r = d 

E = ClSiMe 3 , R = SiMe 3 
E - °2 n ^ 3 —CH=C(Me)CHO f R = 



2. Reactions at C4 

a. Formation of Ethers and Esters. We have already discussed in 
Section II,A,2 the reaction of 1 and related pyrones with diazomethane, 
which results in mixtures of 4-methoxy-2-pyrones and their isomeric 2- 
methoxy-4-pyrones. However, reactions with methyl sulfate in either re¬ 
fluxing acetone or butanone in the presence of potassium carbonate is the 
commonplace method widely used to prepare 4-methoxy-2-pyrones 
(see, for instance, 60JCS502). Other ethers are much less frequent and 
can be prepared with alkyl halides/KOH/dimethyl sulfoxide (DMSO) 
(86MI1) and with ROH/diethyl azodicarboxylate/triphenylphosphine 
[79JCR(S)110]. A special case is ether 196, which can be prepared from 
chloroacetone under carefully controlled phase transfer conditions 
(83CB3366). Special comments apply to methyl ethers 26a from isodehy- 
droacetic acid and to 197 from dehydroacetic acid, which can be better 


1 + ClCH 2 COCH 3 


NaOH/H 2 0 



OMe O 



CH 2 C1 2 /Bu 4 N + hso 4 ‘ 


(19«) 
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prepared by reacting the corresponding hydroxy compounds with iodo- 
methane/silver oxide (81TL4005; 87TL1175). 

Demethylation of methyl ethers to recover the OH group at C4 has been 
said to occur with trimethylsilyl iodide in chloroform (82TL1971). 

The pronounced tendency of 4-hydroxy-2-pyrones to form enol ethers 
is the reason for the difficulties encountered on alkylation of position C3, 
as already discussed. 

Esters at C4 are formed as intermediates in acylations at C3 (69JHC13), 
although they can be isolated (see Section V,A,l,a). Special esters are 
the methanesulfonates (85JHC433) and the 4-toluenesulfonates (71T1043; 
85S699). Hydrolysis of an acetate has also been described (85JMC1828). 

b. Reactions at C4 with Nucleophiles. These reactions are a source 
of 2-pyrones possessing heteroatoms at C4 different from oxygen. The 
other way to access such compounds is the direct preparation from open- 
chain compounds; this was discussed in Section III. 

Pyrone 1 can be converted into the chloro and bromo derivatives 198 
(64RTC39) and 199 (90T7885). Both compounds have been transformed 
into the azide 200, which, on hydrogenation, affords 4-amino-6-methyl-2- 
pyrone (201) (90T7885). The imidazole derivative 202 is also obtained in a 
single synthetic step from 1 (90T7885). 

Reduction of 198 gives rise to the C4 unsubstituted pyrone 203 
(64RTC39), which is also accessible by conversion of the 4-toluenesulfo- 
nate 204 into the sulfide 205 and further hydrogenolysis (71T1043). It has 
also been reported that the 4-methoxy group of 21a can be a reasonable 
leaving group, as shown by its substitution by piperidine to afford 206 
(76MI1). This aminopyrone can also be prepared from both 198 and 204 
(76MI1). A carbon nucleophile has also been used for 4-methoxy group 
substitution, as in the preparation of 207 [84JCS(P1) 1053]. 

Dehydroacetic acid (2) can also be converted into the monochloride 208 
[82IJC(B)372] and the dichloride 209 (87BCJ4425). The chain at C3 of 
pyrone 209 can be converted into an ethinyl group (88MI4). 

Direct replacement on the methyl ether 197 by ammonia and primary 
amines (72IZV917) and by secondary amines (73IZV1122, 73T1083) to 
yield aminopyrones 210 has also been reported. It seems that the presence 
of a carbonyl group directly linked at C3 facilitates displacement of 
oxygen-based leaving groups, as shown by the conversion of 211 into 212 
(83MI2). 

Further examples of displacements occur on sulfides 63 and 215 pre¬ 
pared from open-chain compounds (see Section III,B). Enhancement of 
the leaving group ability of the methylthiolate anion can be achieved 




( 202 ) 


( 1 ») 


( 200 ) 


( 201 ) 
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by conversion into the corresponding sulfoxide (213) from which 214 is 
obtained (87JHC1557). 

Amines, malonates, and methanol are useful nucleophiles in the forma¬ 
tion of pyrones 216 (75CPB2390; 84CPB3384). 

3. Reactions at C5 

Position C5 is not sufficiently activated towards attack by electrophiles, 
and very few reactions have been reported. Thus, the reaction of the 
cobalt(II) complex of dehydroacetic acid (217) with benzhydryl bromide 
gives pyrone 218, although in modest yields and accompanied by many 
other products. This reaction is exceptional rather than general, and it 
seems to involve free radicals (81CL173; 83MI1). Harris described bromi- 



(217) 


BrCHPh 2 

140° 


Ph OH O 



(218) 


Ar s 


OH O 



(219) 


OMe 


Br 2/*2 

CHC1 3 



SPh (221) 


N 2 CHCOOEt 

cat 

R=H3r 


OMe 

N 2 CHCOOEt 
cat 

(224) 




(222) (223) 



Br (225) 
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nation of 2 at C5 to afford bromopyrone 219 in a reaction that probably 
goes through addition of bromine to the double bond C5—C6 followed 
by hydrogen bromide elimination (70JOC1329). This useful reaction has 
permitted the preparation of a vast array of pyrones brominated at C5 with 
different functionalizations in the rest of the molecule by transformations 
starting from 219 (85JHC1537). In view of the inertness of C5 towards 
electrophiles, it is surprising that pyrone 2 reacts with diazonium cations 
to afford diazocompounds 220 (66JIC377). 

An indirect method of alkylating position C5 is by [2,3]sigmatropic 
rearrangements of sulfonium ylides, as exemplified by the reaction of 
221 with ethyl diazoacetate under Cu(acac) 2 or Rh 2 (OAc) 4 catalysis. The 
intermediate sulfonium ylide rearranges to 222, which is desulfurized with 
Raney-nickel to 223 (87CB1413). A similar sequence using dimethyl diazo- 
malonate has also been described in the same paper. A different prepara¬ 
tion of 223 has been achieved by treatment of opuntiol (111) with triethyl 
orthoacetate under acid catalysis (82JHC157) in a reaction that takes place 
by a Claisen rearrangement of an intermediate allyl vinyl ether. 

A modification called tandem [2,3] sigmatropic rearrangement of 
sulfonium ylide—bromine allylic rearrangement has been reported 
(88JOC5149). Thus, reaction of the C5 brominated 2-pyrone 224 with ethyl 
diazoacetate under rhodium catalysis results not only in transfer of the 
ester moiety to C5, as described earlier, but also in the transfer of the 
bromine atom from C5 to the side chain at C6 in such a way that the 
functional group remaining at that side chain, as in 225, can be further 
elaborated (89JHC1205). 

4. Reactions at the Carbon Atom Linked at C6 

The methyl groups linked at C6 in compounds 2 and 21a exhibit the 
normal behavior of allylic positions and can be halogenated under radical 
conditions and oxidized by appropriate reagents. This is not true for 4- 
hydroxy compounds with a free C3 position, such as triacetic acid lactone 
(1). In this case, the high activity of C3 dominates the reactivity of 1 and 
other molecules sharing the same features. However, the methyl group at 
C6 of 1 can be metallated through the polyanion chemistry developed by 
Harris to react finally as a strong nucleophile. The methyl ether 21a and 
similar compounds offer a rich reactivity, since bromination at the methyl 
group permits the resulting compounds to react as electrophiles, with the 
bromide anion acting as a good leaving group. The conversions of the 
bromides into phosphonium salts and phosphonates open the possibility of 
the title carbon atom becoming nucleophilic, for instance towards carbonyl 
compounds. Therefore, this section will treat separately the functionaliza- 



Sec. V.A] 


DEHYDROACETIC AND TRIACETIC ACID 


49 


tion of the carbon atom near C6, its reactivity as a nucleophile, and its 
reactivity as an electrophile. 


a. Oxidation, Halogenation, and Formation of other C-X Bonds. 
Treatment with selenium dioxide has been the most accepted solution for 
oxidation. The reaction is regioselective, as shown in the reaction of 
pyrone 226 (R = Me), possessing three a priori reactive methyl groups. 
The reaction takes place at the methyl group at C6 to afford 111 (R = Me) 
(75S192). Other similar oxidations have been reported [82JCR(S)224; 
85TL4789; 87TL2455]. These reactions are difficult to stop at the alcohol 
level, but reduction of the aldehyde gives the corresponding alcohol, as in 
a preparation of the natural product opuntiol (111) from 21a (82JHC157). 



Allylic bromination of 21a to 228 under radical conditions can be per¬ 
formed, although care must be taken to avoid bromination at C3 
[74JOC3615; 82JHC157; 84JCS(P1)1035; 89TL3217]. Conversions of 228 
into the phosphonium bromide 229 (74JOC3615; 82JHC157) and the phos- 
phonate 230 [84JCS(P1)1035] are easily performed. Bromination with NBS 
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and oxidation with selenium dioxide are useful synthetic methods, but they 
are complemented by the possibility of interconverting both functional 
groups. Thus, the bromo derivative 228 can be hydrolized under very mild 
conditions into opuntiol (111) by stirring with silica gel at room temperature 
(82JHC157). Several similar allylic brominations and the corresponding 
hydrolyses have been described (85JHC1537). One case of bromination 
by quenching a lithio derivative with bromine is exemplified by the trans¬ 
formation of 242 into 243 (89TL3217). Moreover, Krohnke oxidation of 
228 affords 227 (R = H). This oxidation has been successfully applied to 
more complex pyrones (89JHC1205). 

An interesting group of transformations is reported in a single paper 
(87LA987). Thus, allylic bromination of the 4-acetoxy-2-pyrone 231 af¬ 
fords 232, which can be converted into 233 and 236 by treatment with 
sodium 4-toluenesulfinate and with trimethyl phosphite, respectively. Oxi¬ 
dation of 231 with selenium dioxide affords the alcohol 234, which can be 
transformed into the bromide 232. This is an example of the other inter¬ 
change between the Br and the OH groups; this time the latter is trans¬ 
formed into the former. Further oxidation of 234 affords ketone 235. 

Thiol 237 has been prepared from bromide 228 by treatment with sodium 
trithiocarbonate (89JHC1205). Sulfides 221 and 224 required for the 
[2,3]sigmatropic rearrangements in Section V,A,3 are formed by substitu¬ 
tion with sodium phenylthiolate from the corresponding bromides such as 
228 (84SC521; 89JHC1205). 



(234) (235) (236) 


Dehydroacetic acid (2) presents a behavior similar to that of ether 21a, 
in spite of their structural differences. Thus, allylic bromination leads to 
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bromide 238 (70JOC1329; 82JHC157), which can be hydrolized to alcohol 
239 (82JHC157) and transformed into the phosphonium bromide 240 
(82JHC157) and into sulfides 241 (89JHC1205). 


OH O OH O 




Nitrogen atoms can also be introduced at the side chain at C6. Thus, 
bromo derivative 243 (from bromination of 242) was converted into 244 
by reaction with the sodium salt of 4-toluenesulfonamide (89TL3217). 
Also, treatment of 243 with sodium azide leads to the azidopyrone 245, 
which, upon hydrogenation, affords the 6-aminomethyl-2-pyrone 246 
(89TL3217). 



( 245 ) ( 246 ) 
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b. Reactions with Electrophiles. Treatment of dehydroacetic acid (2) 
with three equivalents of a strong base, such as sodium amide in liquid 
ammonia, generates the corresponding trianion, which, on quenching with 
one equivalent of electrophile, affords products 247-249 (68T6897) arising 
from regioselective reaction at the most nucleophilic carbanionic center: 
the methyl group at C6. Alkyl halides, benzophenone, and methyl benzo¬ 
ate were reported as electrophiles in the original work by Harris, leading 
respectively to the indicated final products. This technique has been suc¬ 
cessfully applied by others, in particular in a synthesis of pheromones 
(82CL5; 83MI3). 

Similarly, treatment of triacetic acid lactone (1) with two equivalents of 
a strong base, such as sodium amide in liquid ammonia or LDA in THF 
at low temperature, generates the corresponding dianion, which, on 
quenching with one equivalent of electrophile, affords compounds 250-253 
(70T1685); the electrophiles are alkyl halides, benzophenone, carbon diox¬ 
ide, and methyl benzoate which yield, respectively, the indicated com¬ 
pounds. Other research groups have successfully applied this technique 
[82CJC2821; 85JHC433, 85JMC1106, 85JMC1828; 86JOC268 (a synthesis 
of elasnin)]. This is the only reported procedure for reactions of the side 
chain at C6 in 4-hydroxy-2-pyrones. Under any other experimental condi¬ 
tions, reactions with electrophiles occur at C3 apart from the formation of 
ethers and esters. 


2 1)3N«NH 2 


OH O 



2) electrophile 


1 


1) 2NaNH 2 

or LDA 

2) electrophile 


(247) E = R (alkyl) 

(248) E = Ph 2 C(OH) 

(249) E = PhCO 


OH 



(25«) E = R (alkyl) 

(251) E = Ph 2 C(OH) 

(252) E = COOH 

(253) E = PhCO 


The methyl ether 254 has been reported several times to react with 
one equivalent of LDA, followed by quenching with aldehydes, to yield 
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products 255 or 256. This has been applied to syntheses of citreoviri- 
din (87JOC5067; 88JA470) and asteltoxin (84JA4186; 90T2353). Also, 
the related transformation of 257 into 258 is one step in a synthesis of sol- 
anopyrone A (87TL1175). Finally, the reaction of 5-ethoxycarbonyl-4- 
methoxy-6-methyl-2-pyrone, under similar basic conditions and final reac¬ 
tion with benzyl bromide, also produces benzylation at the methyl group 
at C6 (89TL3217). Thus, only exceptional reactions occur at C3 under 
these basic conditions [80CC1227; 91 JHC(ip)] (see Section V,A,l,e). 



Another reaction that should be included here is the Claisen condensa¬ 
tion of 21a with alkyl oxalates to afford 259 under activation by sodium 
(68CJC695; 87JMC1017). The reactions of 21a with aromatic aldehydes in 
the presence of magnesium methoxide in refluxing methanol constitute a 
synthetic method widely used to prepare the group of compounds 260 that 
are either members of the Kawa pyrone family or closely related to them 
[60JCS502; 67JCS(C)411, 67T3545; 76JOC4070]. 

The second obvious way of converting the side chain at C-6 into a 
nucleophilic center is by means of Wittig chemistry. Thus, the phospho- 
nium bromide 229 has been used to prepare both yangonin (19a) 
(82JHC157) and the methyl ether (262) of tetraacetic acid lactone 
(74JOC3615) by Wittig reactions. 
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Similarly, Wittig condensation of the ylide derived from the phospho- 
nium salt 240 has been applied to the preparation of 263 and related 
compounds (82JHC157; 85MI5). The Wittig reaction has to be applied in 
dehydroacetic acid chemistry in order for reactions at the side chain at C6 
to take place, because under conventional basic activation, the methyl 
group at the C3 acetyl group is more active. This is exemplified by the 
reactions of 2 with aromatic aldehydes, which are a good synthetic method 
for preparing compounds 264 (55JA5102; 60JCS4395; 73T1083; 
80CPB3002, 80CPB3007, 80CPB3013; 89SC3437). 


19a (yangonin) 

T 1) EtONa/EtOH 
2) MeOPhCHO 


229 


1) BuLi 

2) CH 2 CO H 2 -C= C 



OMe 



(262) 


240 


1) EtONa/EtOH 

2) MeOPhCH=CHCHO 


OH O 



2 + RCHO 


piperidine 

CHC1 3 


OH O 



(264) 


c. Reactions with Nucleophiles. Aldehydes generally obtained by se¬ 
lenium dioxide oxidation have been used as electrophilic partners. The 
reaction of a Grignard reagent with 227 produces 265 in the synthesis of 
isoaureothin (87CL1381). Wittig reagents react with aldehydes at C6. 
Thus, the transformation of 267 into 268 is a step in the synthesis of 
citreomontanin (87TL2455). Other reactions with Wittig reagents have 
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also been reported [75S192; 82JCR(S)224]. Another nucleophilic reagent 
used for similar purposes is the vinyltin reagent indicated in the conversion 
of 267 into 269 (85TL4789). 



B. Reactions That Modify the 2-Pyrone Skeleton 
1. Opening of the Ring 

Reactions resulting in opening of the pyrone ring without transformation 
into a different cyclic product are relatively uncommon, although some of 
them are quite important. 

Thus, 1 is opened to ethyl 3,5-dioxohexanoate by the action of ethanol 
(48JBC485). Dehydroacetic acid can be efficiently converted into methyl 
3,5-dioxohexanoate (32) by treatment with magnesium methoxide in re¬ 
fluxing methanol (76SC81) in a reaction that occurs with deacetylation. 
Diketoester 32 is an open polyketide model that can be regioselectively 
alkylated at C3 and at C5, as indicated in Section III,A. On the other 
hand, hydrolysis and decarboxylation of 2 affords heptane-2,4,6-trione 270 
[62JCS3751; 72JCS(P1)692], The formation of 271 by alkaline treatment of 
macommelin-9-ol (100) has also been reported (83CPB3781). It is difficult 
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to ascertain whether these three transformations are initiated by attack at 
C2 or at C6. 

Two reactions with nucleophiles which occur at C6 are the reduction of 
272 into 273 (83CB3366) with sodium borohydride and opening of the 
ring with pyrrolidine in 152, followed by decarboxylation to afford 274 
(70JOC258). 

1) HQ O O O 

2 21 , AJOk 

3) h 3 0 + (270) 


100 




(272) 


(273) 


152 + pyrrolidine 


YYY 

o 

(274) 


o 


2. Transformations into Other Heterocyclic Systems 

Since open-chain compounds directly arising from opening of 4- 
hydroxy(or alkoxy)-2-pyrones are highly functionalized, they exhibit a 
strong tendency to cyclize again, and this can be used to prepare different 
types of heterocycles. This section is organized according to the type of 
final heterocyclic ring formed. It is frequently difficult, from the simple 
examination of chemical structures, to know exactly the bonds broken 
and formed as well as the external atoms incorporated into the new hetero¬ 
cyclic ring in the transformations dealt with here. To help the reader, we 
have introduced descriptors in every transformation. Thus, the descriptor 
C6—C—N/C—C5 for conversion of 224 into 275 means that the nitrogen 
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atom (N) linked to the carbon atom (C) linked to C6 of the initial pyrone 
will be bound, in the final product, to the carbon atom (C) linked at C5 
of the initial pyrone. This also indicates that all atoms involved in the 
transformation were present in the initial product 244. A different case is 
illustrated by transformation of 48 into 276, to which the descriptor C4/ 
N—0/C6 is assigned. This means that an external molecule containing 
fragment N—O (the reader will guess hydroxylamine or related) has inter¬ 
vened in the reaction. Fragment N—O ends up inserted between carbon 
atoms C4 and C6 of the initial 2-pyrone ring. 

a. Pyrroles. Treatment of compound 244 with sodium methoxide 
forms the acyltetramic acid derivative 275 in a C6—C—N/C—C5 transfor¬ 
mation (89TL3217). 


OMe 



T» 

(275) 


b. Isoxazoles . The bicyclic pyrone 48 has been converted into thienoi- 
soxazole 276 by reaction with hydroxylamine in a C4/N—0/C6 process 
(87AP837). Dehydroacetic acid (2) has four electrophilic centers: C2, C4, 
C6, and the carbonyl group of the acetyl chain. All of them react in the 
formation of the bis-isoxazole 277 (64CPB381). The overall transformation 
involves C2/0—N/C—C3 and C4/0—N/C6 steps, where the external 
N—O fragments are provided by two equivalents of hydroxylamine. This 
sort of transformation can occur also with hydrazines, as will be shown. 


COOH 



(276) 
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c. Pyrazoles. The reactions of 2 with hydrazines have been well stud¬ 
ied, and intermediates have been isolated and identified. The final prod¬ 
ucts are bis-pyrazoles 278, obtained if enough hydrazine is used 
[77JCS(P1)1428; 87BCJ4425], The cyclizations involved are of the C2/ 
N—N/C—C3 and C4/N—N/C6 types. The initial step is the formation of 
the hydrazones 279, which can be isolated and transformed into acetoace- 
tylpyrazoles 280 (83JOC4078). The tautomeric composition of compounds 
280 has been studied (90JHC865). A different transformation (C4/N—N/ 
C6) is the conversion of the natural product 94 into pyrazole 281 
(68JA5302). 
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d. 4-Pyrones. Hydrolysis of dehydroacetic acid (2) and related py- 
rones of general structure 152 under acidic conditions results in decarbox¬ 
ylation and cyclization to afford 4-pyrones 282 [72JCS(P 1)692; 80CPB3002, 
80CPB3007]. The process belongs to the C3—C—0/C6 or to the C3—C/ 
O—C6 type, depending on which oxygen atom (lactonic or ketonic) is 
finally incorporated into the ether bridge of 282. 

A related transformation is the reaction of carbanion 283 with methyl 
ether 21a to afford, after hydrolysis, 4-pyrone 284 [84JCS(P 1)1035]. 



(282) (284) 


hci/h 2 o 



The previously mentioned reaction of 1 with salicylaldehyde to yield 
pyrones 171 through 173 (86JHC1511; 87T2381) can be included in this 
section, the overall transformation being of the type C2/0—C—C—C/ 
C3. This sort of process is not uncommon, and similar cases have been 
described in the patent literature (87EGP252188, 87EGP252604). 

e. Pyridines. There are many examples of transformations of pyrone 1 
into 4-hydroxy-2-pyridones (285) by treatment with ammonia and primary 
amines [63JCS(C)4483; 70JHC389; 75JHC461; 78CR(C)381; 85JMC1106], 
The overall process is of the C2/N/C6 type. Investigations on the identifi¬ 
cation of intermediates have been published. Thus, diketoamide 286 
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(R = Ph) [7 1 JCS(C)272 1 ] and 287 (R = Me, Ph, CH 2 Ph) [82BSF(2)257] 
have been isolated. Independent conversion of 285 into 288 has also been 
reported [82BSF(2)257], This indicates a ranking of electrophilic reactivity 
C2 > C6 > C4. However, a different group reported that independent 
cyclizations of 286 into 285 and into 288 under different experimental 
conditions occur, but not the transformation of 285 into 288 
[71 JCS)C)2721 ]. 



(“■> (285) 

Treatment of dehydroacetic acid (2) with ammonia or primary 
amines affords 2,6-dimethyl-4-pyridones 291 [1885CB452; 71T2581; 
78JCS(P1)1373; 88ACS(B)373]. This reaction, of the C3—C/N/C6 type, 
has been extensively studied, and intermediates 289 and 290 (R = Me) 
have been isolated and identified (63CJC1435, 63JOC1886). 

Interesting versions of this reaction occur with hydrazine and with N- 
amino heterocycles. Thus, reactions of 2 with )V-amino-1,2,4-triazole, 
hydrazine, and N-aminopyridinium salts produce compounds 292 and 293 
[77JCS(P1)1428] and 294 [77JCS(P1)327]. Similar examples have been 
reported [85JCS(P1)1209]. 

A different version of the C3—C/N/C6 transformation is exemplified by 
the conversion of 295 into 2% (72JOC1145; 83MI4; 88MI3), which occurs 
without decarboxylation. 

The nitrogen atom of the final pyridone ring can pertain to the initial 
pyrone as part of the substituent at C3. Thus, a different type of transforma¬ 
tion (C3—C—N/C6) has been described, as in the conversions of pyrones 
297 and 298 into pyridone 299 (87JHC1325). 

The reaction of 1 with the Af-phenylimine of 2-aminobenzaldhyde affords 
compound 301, probably through intermediate 300 (87EGP242805). This 
reaction, classified as C2/N—C—C—C/C3, underscores once more the 
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care that should be exercized when assigning structures in the pyrones 
and pyridones fields. 

Formation of products 304 (R = H, Me) by reaction of 302 with two 
equivalents of hydroxylamine (78AP414) and of 305 in the reaction of 2 




(305) 
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with dihydroquinoline (71IZV1126; 73IZV1302) are good examples of the 
complexities encountered in opening cyclization sequences. 

f. Pyridazines. Azo compounds 186 have been transformed into pyri- 
dazines 306. The reaction occurs through a C3—N—N/C6 cyclization and 
is of possible industrial application (85EUP136974; 88MI3). 

O 


I 

Ai 
(30«) 



g. Pyrimidines. Thiourea reacts with both methyl ether 21a and with 
1 to afford compounds 307 (76MI1) and 308 (73MI1), which are formed by 
C2/N—C—N/C4 and C4/N—C—N/C6 cyclizations. Also, dehydroacetic 
acid (2) has been transformed into 309 and 310 by treatment with thiourea 
and guanidine (73MI1). Both reactions are of the C3—C/N—C—N/C4 
type. 


21a + NHoCSNH- 


NaOEt 


vw 

N N - 


l2 ^n 2 -- h' 1 'Y”'h 

s 

(307) 


1 + NHjCSNH, 


piperidine 


o 


h- ¥ %° 


YTY NH 2 CSNH 2 HN=C(NH 2 ) 2 

h -N N O ◄- 2 -► N^N O 

If piperidine | 

S nh 2 


(309) 


(310) 
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3. Transformations into Carbocyclic Systems 

Opening of 4-hydroxy(or alkoxy)-2-pyrones containing no heteroatoms 
other than oxygen, affords highly functionalized intermediates that, in the 
absence of reagents bearing heteroatoms, give six-membered carbocyclic 
rings by means of cyclization processes that sometimes mimic the bioge- 
netic synthesis of phenolic compounds. The reader is referred to a review 
on the early studies (70CRV553). 

The usual reactions involved in carbocyclic cyclization of the aforemen¬ 
tioned open-chain intermediates are aldol and Claisen condensations as 
well as Michael additions. Some examples of the Wadsworth-Emmons 
reactions have been also published. 

Collie reported at the end of the 19th century the conversion of dehy- 
droacetic acid (2) into orcinol (312) on treatment with sodium hydroxide 
(1893JCS122). The reaction is a decarboxylative aldol condensation of the 
C3—C—C/C6 or C3—C/C—C6 type. It is not possible to ascertain at 
which point decarboxylation occurs. For the sake of simplicity, we have 
shown the possible intermediate 311 in its acidic form, which is directly 
related to 2 by simple hydrolytic opening of the ring. However, the decar¬ 
boxylation product from 311, namely heptane-2,4,6-trione (270), is also 
a possible intermediate. In independent experiments, triketone 270 was 
converted into compounds 313 and 314 under nearly neutral conditions by 
consecutive aldol condensations (1893JCS122; 07JCS1806). Unambiguous 
assignment of structures 313 and 314 was made much later (60JCS4395; 
62JCS3751). 

Processes similar to the conversion of 2 into 312 are the low yield 
preparation of dihydropinosylvin (318) and its isomer 319 from pyrone 

OH 

— A. 

(312) 




270 (2 eq) 


( 313 ) 


OH OH o 
(314) 
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OH O O 



(317) (318) (319) 


315 (60JCS4395) and of 6-methylsalicyclic acid (321) from tetraacetic acid 
lactone (73) (68CCU27). The natural pyrone 73 can be prepared by a 
seqence intiated by the reaction of 1 with malonyl dichloride (53), which 
gives dipyrone 322. Treatment of 322 with potassium hydroxide produces 
orsellinic acid (324) and mainly the carboxypyrone 325, which is decarbox- 
ylated to 73 (71T3025, 71T3039). Pyrone 325 affords phenols 312 and 
324 by base-promoted decarboxylative aldol condensations of type C3 / 
C—C—C6 (71T3025). Similar aldol reactions working with the methyl 
ether (262) of 73 have been reported (71T3039). Preparation of pyrones 
326 and 327 by sequential reactions of 322 with malonic acid derivatives 
has been reported (71T3025). 

From the previous discussion, it is evident that intramolecular aldol 
condensations are commonplace in this field. However, intramolecular 
Claisen-type condensations can be accomplished by the use of magnesium 
methoxide, as in the formation of phoroglucinol derivative 328 
(70CRV553). The common intermediate 323 (undetermined ionization 
state) accounts for both formation of 324 through an aldol condensa¬ 
tion (C3—C—C/C6) and formation of 328 by Claisen condensa¬ 
tion (C3—C—C—C/C5). Further examples of directed cyclizations, de¬ 
pending on the base used, are gathered in the review by Money 
(70CRV553). 

More recent examples of opening of pyrone rings followed by intramo¬ 
lecular aldol (70T5255; 73IZV1122, 73T1083; 76LA1617; 80CPB2460; 
81JOC2566; 85MI5) and Claisen (70T5255; 71T3051; 84CB3270) cycliza¬ 
tions have been reported. A special case is an opening-aldol cyclization, 
which occurred in an acid medium (68T6897). 

The presence of adequately placed double bonds allows intramolecular 
Micheal additions to play an important role in carbocyclic ring formations. 
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as in the preparation of biphenyl 331 and stilbene 332 (80CPB3002, 
80CPB3007 , 80CPB3013). The starting pyrones 329 (n = 1,2) are con¬ 
verted into 330 by a sequence analogous to that in the transformation of 
315 to 317. Further elaboration includes Michael additions of the 
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C3—C—C—C/C5 type and complementary steps. Further examples of 
intramolecular Michael additions have been described (77AP931; 85MI5). 



ooo 


(330) 




(332) (331) 


A different strategy has been adopted for the transformation of 21a into 
335 and 336. In these cases, one carbon atom of the final benzene ring 
comes from an external phosphonate reagent by means of intramolecular 
Wadsworth-Emmons reactions. The overall transformations can be classi¬ 
fied as C2/C/C6 [84JCS(P1)1035], 



An interesting example of biological insertion of carbon atoms C2 and 
C3 of pyruvic acid between C3 and C6 of pyrone rings (C3/C—C/C6) is 
performed by Macrophoma commelinae on methyl ether 26a and related 
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2. Hydrogenation of the Ring 

Controlled hydrogenation of triacetic acid lactone (1) and related py- 
rones under palladium catalysis leads to selective introduction of hydrogen 
at the double bond C5=C6, as in the preparation of 341 and related 
dihydropyrones (57LA58; 60JCS3413; 71T3039 ; 72IZV917; 78JHC1153; 
80TL551; 82CL5; 85CJC1161). Forcing conditions, such as higher pressure 
under palladium catalysis or nickel catalysis, produce saturation of the 
ring to afford 342 and related tetrahydropyrones (80TL551; 82CL5). Hy¬ 
drogenation of the double bond C5=C6 of dehydroacetic acid (2) has been 
described (81JHC543). However, other authors have reported that the 
partial hydrogenation of the ring is accompanied by reduction of the ketone 
carbonyl group at C3 to afford compound 343 (56JA3201; 85CJC1161). 

OH 

H 2 /Ni H 2 /Pd 


(341) 

OH 

jdc 

(343) 


3. Thermal Opening 

Pyrones in this review are thermally quite stable. However, forcing 
conditions can open the pyrone ring. Thus, the curious isomerization of 
compounds 344 and 347 has been reported to occur through ketenes 345 
and 346 (66M1046). Also, compounds 348 (R 6 = COOEt and benzyl) re¬ 
arrange to naphthalenes 349 (79CB2756). 

4. Photochemistry 

The double bond C5=C6 of the pyrones studied here reacts photochemi- 
cally with alkenes to afford cyclobutanes. Thus, the reactions of 21a 
with olefins afford cyclobutanes 350 (X = H, Y = Cl and X = Y = Cl). 
Further elimination of HC1 and rearrangement leads to 351 which finally, 
ifX = H, results in the acetylenic pyrone 352 (87BCJ621). Dehydroacetic 
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(348) (349) 


acid reacts with cyclohexene and vinyl acetate, also forming cyclobutane 
adducts (73BCJ690). 

Some pyrones of the general Kawa structure dimerize on irradiation, 
even under day light. Although the double bond in the side chain at C6 is, 



(352) X=H,C1 (351) 
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in general, responsible of this behavior, sometimes the double bond 
at C5=C6 also participates [67JCS(C)413; 72AG(E)479; 82CL741; 
83ZN(B)658], 

If no olefins are present, triacetic acid lactone 1 and its methyl ether 21a 
react photochemically to afford a mixture of compounds without pyrone 
structure (70CJC237, 70CJC2645). 


5. Formation of Ethers at C2 

Conventional alkylation conditions on 1 and related pyrones produce 
ethers at C4. However, their reactions with diazomethane afford ethers at 
both C2 and C4. The methyl ether at C2 (353) can be regioselectively 
formed and isolated by reaction of 1 with methyl fluorosulfonate followed 
by neutralization (78JOC1367). Similar reactions on methyl ether 21a give 
salts with general structure 354 (64T831; 75T2229). 



(354) 



(355) 
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6. Formation of Metal Complexes 

Dehydroacetic acid (2) and its Schiff bases are good chelating agents, 
and many complexes of the general structure 355 (X = O, NR) have 
been synthesized [75MI1; 79BCJ625; 82IJC(A)839; 84MI2; 85MI6; 86MI2; 
87IJC(A)887, 87MI1; 88IJC(A)52, 88MI5]. 
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I. Introduction 

The subject of this review is a series of N-amino derivatives of pyrazole, 
imidazole, v- and .s-triazoles, tetrazole, and O- and S-containing azoles. 
This review also addresses condensed systems, including purines and 
some peri-condensed azole heterocycles. N-Amino derivatives of NH- 
azoles include both neutral forms (e.g., 1) and salts (2, Z = NR). For 
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aminooxazoles and /V-aminothiazoles, the only possible structure is salt 
(2, Z = O, S), although the partially hydrogenated derivatives, forinstance 
3, can exist as neutral forms as well. 7V-Aminoazolium salts containing a 
substituent in the amino group, which increases the NH-acidity (for exam¬ 
ple, the acyl group), can also give rather stable zwitterions(4). 

There are two main chronological stages in the development of N- 
aminoazole chemistry (Table I). The first period dates from 1886 to 1915. 
During that time, the first representatives of the A-aminoazole series, 
mainly triazoles, were synthesized, and the key conversions of this class 
were investigated. The second period began at the end of the 1950s and 
receives a large developmental effort at present. This period is marked by 
the development of the direct methods of N-amination. Due to this, numer¬ 
ous A-aminoazoles became available. This period is noted also for the 
profound study of the chemistry and physical chemistry of /V-aminoazoles 
and for the search into a mutual interaction of the azole nucleus and the 
N-amino group. The period from 1915 to 1955 was not marked by intense 
investigations and great advances and was a dead season in the chemistry 
of N-aminoazoles. 

Probably over 50% of all papers on N-aminoazoles address the chemis¬ 
try of /V-aminotriazoles, especially of 4-amino-j , -triazole 1, which is ex¬ 
plained by the great availability of these compounds. Many of those papers 
were published at the beginning of this century, which is why mistakes 


TABLE i 

Chronology of the First Syntheses of Some N-Aminoazoles 


Azole First representative Parent of the series 


Pyrazole 

Indazole-IH 

Indazole-2H 

Imidazole 

Benzimidazole 

u-Triazole-lH 

u-Triazole-2H 

Benzotriazole-IH 

Benzotriazole-2H 

.s-Triazole-lH 

.s-Triasole-4H 

Tetrazole-IH 

Tetrazole-2H 


65USP3207763 

75JCS(PI)31 

61JOC3714 

I894CB2203 

22JPR102 

1900CB644" 

67TH1 

1886CB1452” 

65USP3184471 

63CB2750 

1888JPR531 0 

14CB1132 

69CJC3677 


78TL1291 

75JCS(P1)31 

72JOC2351 

82S592 

55JCS2326 

09CB659 4 


60MI1 

65USP3184471 

80JCR(M)514 

1888JPR53T 

60CB850 

69CJC3677 


“ The primary compound was described as a wrong structure. 
b The result was not reinvestigated. 
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in the determination of structures of the compounds are common. The 
most common mistake is the description of the compounds not as N- 
aminoazoles, but as the corresponding dihydroazines with the amino nitro¬ 
gen atom in the ring. Almost all those papers have been reinvestigated, 
and the mistakes have been corrected. However, there are still some 
unchecked data, which must be carefully evaluated. 

Although the chemistry of N-aminoazoles spans a century, it has not 
yet received an overall treatment; therefore this first review is inevitably 
rather extensive. However, previous reviews particularly devoted to N- 
aminoazinium salts [81 AHC(29)7I] and M-imines of type 4 [72ZC250; 
74 AHC( 17)213] touched some aspects of the chemistry of N-aminoazolium 
salts. Besides, Beyer summarized his investigation on the chemistry of 
some /V-aminoimidazoles (70ZC289), and Molina did the same on synthe¬ 
ses of condensed systems from 4-amino-j-triazoline-3-thione (86BSB973). 

This review contains a complete set of data on the syntheses, reactions, 
physical properties, and applications of N-aminoazoles of types 
1-4. Within this rigorous scope, N,N'-bihetaryls (5) and the other com¬ 
pounds with the tertiary A/-amino group must also be included with 
A-aminoazoles. Therefore, such compounds are also taken into consider¬ 
ation in this review. The chapter covers references published up to Decem¬ 
ber, 1989. The names and structural formulas of tautomeric compounds 
are given, as a rule, according to their predominant structures (76MI2), 
which may be not in agreement with the data given in the primary refer¬ 
ences. 


II. Synthesis 


A. General Considerations 
There are five general methods for obtaining A/-aminoazoles: 

(1) Cyclization of suitable acyclic compounds (usually hydrazine deriva¬ 
tives) 

(2) Transformation of hetero-rings (recyclization) 

(3) Electrophilic amination of azoles 

(4) Functionalization of the A-aminoazoles 

(5) N-Amination of the azole nucleus via a nitrene. 


The last method is very specific, and as will be seen, it is essentially 
useful only for its intramolecular version. The other methods are almost 
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universal, and each has its own field of application and importance. The 
most attractive route appears to be the direct electrophilic N-amination. 
For this purpose, the following aminating agents are used: Chloroamine, 
hydroxylamine-O-sulfonic acid (HOSA) 6, diphenylphosphinylhydroxy- 
lamine (DPPH) 7, O-mesitylsulfonylhydroxylamine (MSH) 8, Odinitro- 
phenylhydroxylamine (DNPH) 9, and Op-tolylsulfonylhydroxylamine 
(TSH) 10. 


h 2 n-o-so 3 h 


(6) 


0 

h 2 n- o-p 


. Ph 
Ph 


0 ML 

H 2 N-0-S-O>-Me 
0 Me 


(7) 


(8) 


° 2 N 0 

H 2 N-0^>0 2 H 2 N-0-S-<Q>-Me 

0 

(9) (10) 


The most available and therefore the most widely used aminating agent 
is HOSA, obtained from hydroxylamine and oleum (820PP265). However, 
it has some drawbacks. First, it can be used in aqueous media, but only 
occasionally in aqueous alcohol or in dimethylformamide (DMF), and in 
the latter cases, yields of N-aminoazoles are lower. Second, HOSA is 
readily decomposed by water and especially by alkali, and its anion, which 
takes part in the reaction, is not very electrophilic. For these reasons, 
HOSA does not give satisfactory results on amination of sterically hin¬ 
dered and slightly nucleophilic N-anions. 

Syntheses of 7-10 were described in references [82S592; 77S1; 
73JOC1239; 76JCS(P1)367], respectively. These methods are not particu¬ 
larly easy, and occasionally the danger of explosion exists. However, 
these drawbacks are offset by the possibility of using these aminating 
agents in nonaqueous media, where it is possible to use bases stronger than 
NaOH, for instance sodium hydride. This is important for the amination of 
the azoles of low NH-acidity. Besides, compounds 7-10 possess a higher 
electrophilicity than HOSA. This is especially true for MSH, which is 
widely used for amination of neutral azoles affording N-aminoazolium 
salts (77S1). 
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B. jV-Aminopyrazoles 
1. Noncondensed Pyrazoles 

Almost all N-aminopyrazoles were obtained by the amination of pyra- 
zole or its derivatives with HOSA or MSH (Table II). Only on formation 
of l-amino-3,5-dimethylpyrazole having the l5 N label was labeled chloroa- 
mine used. As a rule, yields of A-aminopyrazoles are rather high, but with 
an increase in the number and size of substituents on the ring, yields 
decrease. 3(5)-methyl- and 3(5)-aminopyrazoles are aminated with the 
formation of a nearly inseparable mixture of l-NH 2 -3-R- and l-NH 2 -5-R- 
pyrazoles in a ~ 1:1 ratio. However, if the substituent at position 3 is 
more bulky, the main or even the dominant component in the mixture 
is l-NH 2 -3-R-pyrazole (compare for, instance, data for 3-ethyl- and 3- 
phenylpyrazoles in Table II). No doubt, this is the result of steric interfer¬ 
ence by the substituent. 

On amination of 1,3,5-trimethyl- and 1,3,4,5-tetramethylpyrazoIes with 
MSH, the corresponding A-aminopyrazolium salts were obtained 
(76CPB2267). The formation of A-aminopyrazoles by a recyclization 
reaction was described. Thus, on heating 5-halogeno- or 5-hydrazino- 
isooxazoles in anhydrous hydrazine, l-aminopyrazol-5-ones (11) are 
formed; those can be converted further by various alkylating agents into 
1 -amino-5-alkoxypyrazoles (12) [Eq. (1)] [72JHC1219; 76USP3944563; 
77JCS(P1)971; 81FRP2479219; 84JHC627], 


J 53 


n 2 h 4 R y-*'* 

H 2 NHN ^0^ 


oiyNir 

nh 2 


e s 


NH 2 

( 12 ) 


Gilchrist et al. used the reaction of inverse azadiene synthesis to obtain 
1-phthaloylaminopyrazoles (14) from tetrazole (13) and activated acetylene 
compounds [73CC8I9; 75JCS(P1)1747]. Heating 1 -onitrophenylpyrazoles 
with triethylphosphite leads to pyrazolo[l,2-«]benzotriazoles [Eq. (2)] 


N—rT Ph R 1 COC^CCOR 1 R CO y-iT Ph 

N-N-N 80°c R 1 C0 A f N 

nr 2 nr 2 


(13) NR 2 =o-phthaloylamido 


(14) 



TABLE II 

/V-Aminopyrazoles Obtained by Direct Amination of Pyrazoles 


Rl W* 

rZ'V 

nh 2 

R 

R 1 

R 2 

Aminating 

Yield 

% 

Footnotes 

H 

H 

H 

HOSA 

52. 99. 40 

a, b, c, d 

H 

H 

H 

MSH 

90 

e 

Me 

H 

H 

HOSA 

93' 

b 

H 

H 

Me 

HOSA 

93' 

b 

Me 

H 

H 

MSH 

85' 

e 

H 

H 

Me 

MSH 

85' 

e 

H 

Me 

H 

HOSA 

79 

b 

H 

Me 

H 

MSH 

77 

e. 

Me 

H 

Me 

HOSA 

24 

b 

Me 

H 

Me 

MSH 

91 

e 

Me 

H 

Me 

l5 NH,CI 

- 

f 

Me 

Me 

H 

HOSA 

16 

b 

Me 

Me 

Me 

HOSA 

18 

b 

Me 

Me 

Me 

MSH 

67 

e 

—(CH,) 4 - 

— 

H 

HOSA 

69 

g 

-(ch 2 ) 5 - 

- 

H 

HOSA 

66 

g 

Ph 

Me 

H 

HOSA 

30 

b 

Ph 

H 

H 

MSH 

45 

e 

H 

H 

Ph 

MSH 

6 

e 

H 

Ph 

H 

HOSA 

31 

b 

Ph 

H 

Ph 

HOSA 

34 

b 

Ph 

H 

Ph 

MSH 

56 

e 

Ph 

Ph 

H 

HOSA 

31 

b 

Ph 

H 

Me 

MSH 

52 

e 

Me 

H 

Ph 

MSH 

13 

e 

Ph 

Ph 

Ph 

HOSA 

41, 76 

b.f 

Et 

H 

H 

HOSA 

91 

b 

CH 2 OH 

H 

H 

HOSA 

74 

b 

co 2 h 

H 

H 

HOSA 

51 

b 

Ph 

co 2 h 

H 

HOSA 

76 

b 

H 

H 

NH, 

HOSA 

13 

h 

nh 2 

H 

H 

HOSA 

10 

h 

Ph 

H 

NH, 

HOSA 

30' 

h 

NH, 

H 

Ph 

HOSA 

30' 

h 

H 

Cl 

H 

HOSA 

- 


H 

no 2 

H 

HOSA 

- 


Br 

Br 

Br 

HOSA 

- 


CN 

CN 

NH, 

HOSA 

- 



“ (78TL1291) 

6 (85LA1732) 
c (87AP115) 
d (83H1271) 
f (85JOC5520) 


1 [86JCS(P1)1249] 

* (86H907) 

* (86S71) 

' (65USP3207763) 

' The mixture of two isomers was not separated. 
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[65JHC218; 80JCS(P1)982]. Judging by the influence of substituents on the 
ease of this intramolecular amination, the process occurs via nitrene 15 . 
The yield of the final product is higher when the electron-withdrawing 
effect of R and the electron-donor effect of R' are greater. 



(15) 

There is little data on N.N'-dipyrazoles. The information of Auwers et 
al. (25LA54) about the interaction of bromine with the silver salt of 7- 
methyltetrahydroindazole and the formation of the corresponding 
2,2'-dimer was not supported (85H2629). However, Schulz and co- 
workers obtained N.N'-dipyrazolyl 16 through oxidation of 5(3)-amino-3 
(5)phenylamino-4-ethoxycarbonylpyrazole by benzoyl peroxide or by di- 
tert -butyl peroxide (82JPR309, 82ZC56). De Mendoza et al. investigated 
oxidation of 3-methoxycarbonyl-A 2 -pyrazoline with the hope of obtaining 
more simple N.N'-dipyrazoles (85H2619). Dimers 17 and 18 having a 
pyrazoline structure were isolated in low yield. 


Et0 2 C j-NHPh 
HjN'V 

gT' 

g“*" 

H 2 N^Ns N 

Et0 2 c ^NHPh 

ft 

CO^e 

ft 

C0 2 Me 

(16) 

(17) 

(18) 


2. Indazoles 

Indazoles are aminated by HOSA in alkaline media, affording an easily 
separated mixture of 1- and 2-aminoindazoles [Eq. (3)]; the 1-amino deriva¬ 
tive (Table III) usually predominates. By the action of MSH on 1-methyl- 
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TABLE III 

Amination of Indazoles bv HOSA" 


Initial indazole 

l-NH, 

’•> Yield 

2-NH 2 

Unsubstituted 

50 

33 

3-MethyI- 

45 

30 

3-Phenyl 

60 

8 

3-Methoxy-* 

88 

- 

5-Nitro- 

57 

9 

6-Nitro- 

30 

28 


a [75JCS(P 1 )31 ] 

h The aminating agent is chloroamine. 


and 1,3-dimethylindazoles, 2-amino-1-methyl- and 2-amino-1,3-dimethyl- 
indazolium mesityl sulfonates were obtained (76CPB2267). 

111 

H NH2 

A series of methods based on cyclization and recyclization reactions 
was proposed for synthesizing AZ-aminoindazoles. These reactions are 
mainly concerned with 2-alkylamino- and 2-dialkylaminoindazoles. 
However, occasionally compounds with 2-unsubstituted amino group 
can be obtained. The first known example of an /V-aminoindazole is 2- 
phenylamino-6-nitroindazole, obtained on heating 6-nitroanthranyl with 
phenylhydrazine [Eq. (4)] (61JOC3714). 

0*0? ^-o 2N 0T« «’ 

Most other methods are based on o -azido or o-nitro derivatives of 
aromatic aldehydes and ketones. Thus, thermolysis of o-azidobenzalhy- 
drazone ( 19 ) protected by the o-phthaloyl group leads to 2-phthaloylami- 
doindazole (21), which, under the action of hydrazine, affords 2-aminoin- 
dazole ( 22 ). Both stages give almost quantitative yields. Supposedly, this 
reaction takes place via nitrene 20 . In contrast to amine 22 , 2-amino-3- 
methylindazole can be obtained in a yield of 80% in one step on heating 
2-azidoacetophenone hydrazone (72JOC2351). 
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ocr [oc nnR2 | cp-*. 

(19) (20) (21) (22) 
NR 2 =o-phthaloylamido 

Thermolysis of diazides 23 occurs as a two-step process. Thus, at a 
temperature of 120-130°C, 2-aminoindazole hydrazone 24 is formed, and 
this compound can be isolated. At elevated temperatures, the second 
pyrazole ring is closed and 2,2'-biindazolyls 25 are formed (64JOC1150). 



120-130° C 

-n 2 


OP-ivO 

(24) (25) R=H,Me 


With the help of this method based on mixed bihydrazones, one can 
synthesize unsymmetrically substitued 2,2'-diindazolyls, for instance, 
3,7'-dimethyl-2,2'-diindazolyl (88JOC2055). 

Equations (5) and (6) demonstrate another kind of nitrene synthesis of 
2-aminoindazoles, where the initial compounds are o-nitroarylhydrazones 
(73S363). This method was also used to synthesize 2,2'-diindazolyl 
(65JCS4831). 


r«*V* N - NMe 2 P (OEt ) 3 

KV ,5> 


R 


-NHAr 


P(0Et)i R 1 v 


The only synthesis of 1-dialkylaminoindazoles is based on a recycliza- 
tion reaction (83CC1344). Under the action of ethylmagnesium iodide on 
4-phenylbenzo-l,2,3-triazine followed by treatment with methyl iodide, 
the formation of 1-aminoindazole 26a in 44% yield was observed. The 
same compound (23% yield) with a small amount of amine 26b is formed 
when methylmagnesium iodide and ethyl iodide are taken instead of ethyl- 
magnesium iodide and methyl iodide. Supposedly, the reaction occurs as 
shown in Eq. (7). 
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Ph 



Ph Ph 





(26a) R=Me, R 1 = Et 


(26b) R=Rl= Me 


(7) 


3. Other Pyrazole Systems 

Besides N-aminoindazoles, there are N-amino derivatives of some other 
condensed pyrazole systems. Most were obtained on electrophilic anima¬ 
tion of the corresponding heterocycles by HOSA [75JCS(P1)31]. For in¬ 
stance, on amination of 5-methylpyrazolo[4,3-6]pyridine, 1- and 2-amino 
derivatives 27 and 28 are formed in yields of 42 and 40%, respectively. 
Similarly, amines 29 and 30 were obtained, whereas amination of pyr- 
azolo[3,4-6]pyridine (31) failed. 


H NH 2 

H0SA ■ r^V N 'N ( 

°H" Me^fr— U 

► |^/\N-NH 2 

(27) 

(28) 


Ph 

Q mi CXXf CP- 

0/ 

NH 2 H 

Ph NH 2 

(29) (30) (31) 

(32) 



96 V. V. KUZMENKO AND A. F. POZHARSKII [Sec. II.C 

Amine 32 was obtained on interaction of compound 14 (R' = Ph) with 
hydrazine; closure of the pyrazine ring and withdrawing of the phthaloyl 
protection are simultaneous processes. Photolysis or thermolysis of 1- 
arylazo-8-azidonaphthalenes gives rise to benzo[c,</]indazole N-arylim- 
ines (78JOC2508 [Eq. (8)]. As a result of a complicated photochemical 
rearrangement, isoxazolo[5,4-ft]pyridine derivative (33) is converted to N- 
aminopyrazole 34 in 60% yield (88H1899). 




(8) 


H 2 NHN 

JCW-*- 



(33) 


(34) 


C. JV-Aminoimidazoles 
1. Noncondensed Imidazoles 

The scope of direct amination reactions is not too great in comparison 
with all other methods for synthesizing simple /V-aminoimidazoles. Proba¬ 
bly the first specific example of N-amination of imidazoles was the synthe¬ 
sis of l-tosylamino-2,4,5-triphenylimidazole on treatment of the lophine 
anion with tosylazide [Eq. (9)] (72BCJ306). However, the yield of 35 was 
small because of the side formation of 2,4,6-triphenyl-1,3,5-triazine and 
diphenyl acetylene. 

Ph 

P Vt[ - ToiiN 3 , P V[t ♦ - 

Ph-Sl A Ph Ph A N A Ph Ph A N rh 

Li + NHTos 

(35) 


PhCsCPh (9) 
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Klotzer and co-workers reported in 1982 a successful animation of an 
imidazole and its 2-nitro and 2-methyl-4(5)-nitro derivatives with the use 
of O-diphenylphosphynyl hydroxylamine [Eq. (10)] (82S592). The reaction 
was carried out by the action of DPPH on a sodium or lithium salt of the 
corresponding imidazole in iV-methylpyrrolidone media. The product was 
isolated as an N-benzylideneamino derivative, then hydrolyzed to the un¬ 
substituted A-amine. Since the parent of the series, 1-aminoimidazole, is 
unstable, this compound was isolated only as its hydrochloride. All at¬ 
tempts made by the authors of this review to synthesize 1-aminoimidazole 
by amination of imidazole with HOS A in alkaline media led to resinification 
and regeneration of the initial compound. 




1) DPPH Rl |-N H 3 0* | 

2) PhCHO N R 

N^CHPh 



NH 2 


(10) 


M + = Li + , 


Na + 


A-Aminoimidazolium salts 36 were obtained in good yield on short-term 
heating of 1-R-imidazoles and MSH in methylene chloride (74CPB482; 
74JHC781). All other methods of obtaining of A-aminoi midazoles are 
based on cyclization and recyclization reactions. Thus, at the end of 
the last century Fischer et al synthesized l-amino-3-phenylimidazoline-2- 
thione (37) in 45% yield by cyclization of 2-(2,2-diethoxyethyl)-4-phenyl- 
thiosemicarbazide in acid (1894CB2203). 



NH 2 MesS0 3 


( EtO) 2 CH NHPh h 3 Q + (jV 

CH2 n >S - Vs 

nh 2 nh 2 


(36) 


(37) 


Hydrazones of isothiosemicarbazide (72CL617; 78BCJ1846, 78TL1295) 
and aminoguanidine (68CB3151; 73KGS1190; 82KGS236) are the initial 
compounds used to synthesize l-amino-2-alkylthioimidazoles (38a) and 
1,2-diaminoimidazoles (38b), respectively [Eq. (11)]. Desylchloride, a- 
halogenalkylarylketones, a-halogenacetones, and a-halogenaldehydes can 
be used instead of phenacylhalides in these conversions, resulting in 4(5)- 
alkyl, 4,5-diaryl- and 4(5)-alkyl-5(4)-aryl derivatives of A-aminoimidaz- 
oles. However, the interaction of a-halogenacetones with isothiosemicar- 
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bazide hydrazones leads to a mixture of N-aminoimidazole 39 and 
N-isopropeny 1-1,2,4-triazoles 40 [Eq. (12)]. In the case of a-bromoacetone, 
the yield of N-aminoimidazole is higher, whereas the use of a-chloroace- 
tone gives rise to triazole 40 as the main product (78TL1295). 



Ph Ph 


(38a) R= SAIk 
(38b) R = NH 2 


'SR 

I HalCH 2 COMe 


’VN 

& 



HalCH^COMe ^ 

Me^ c< ,CH 2 02) 
N-N 

Ar'S^SR 

(40) 


A very convenient method for obtaining 2-alkyl- and 2-aryl-1 -aminoimid- 
azoles is the interaction of N-acetylamidrazones with phenacylhalides 
[Eq. (13)] [72JCS(P 1)2927]. 


Ph^ c «0 

HaK^ 


R=Me, PhCH 2 , Ph 



NHAc 


Ph >]—N H 3 0 + ph VN 

' ^R - Sl^R 

NHAc NH 2 


(13) 


The general method of synthesizing 1,5-diaminoimidazoles (41) is 
the cyclization of various N-cyanomethylacetimidates by hydrazines 
(61JCS3816, 61JCS4845; 74BSF1453; 78JHC937). 


r 2 -ch n ^c-r 1 r 2 nnh 2 

N=C OEt *" M'VrI 

nr 2 


(41) 
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A-Aminoimidazoles 45 were obtained by recyclization of oxazole deriv¬ 
atives with hydrazine [Eq. (14)] (70GEP1923643) or recyclization of the 
readily available 2-amino-3-phenacyl-l,3,4-oxadiazolium salts (42) under 
the action of aqueous alkali (62ZC153; 64CB1031; 69ZC337), ammonia and 
alkyl amines (67CB3418; 70CB3533), amidines (70CB2845), ammonium 
hydrosulfide (65ZC378), and alkylmercaptans (70ZC289) [Eq. (15)]. Proba¬ 
bly, in the latter method, salts 42 first are cyclized to imidazol[2, l-6]-l ,3,4- 
oxadiazole derivatives (43); the oxadiazole ring then is opened on attack 
by a nucleophile. The formation of compounds 43 and their easy alkaline 
hydrolysis to 1-acylaminoimidazolinones 44 (Nu = OH) confirms this 
(70CB272). These conversions were summarized by Beyer (70ZC289). 

Hk *. ^ ::xk 

nh 2 

R= n-Pr, n-CnH 2 3 


X' Nu ~- ii-jLII - 
R-^O^Nh/ R X 0 A N J 'Ph 


p Vu H 3 °* p Y« 

Sl'Slu 

NHCOR NH 2 

(44) (45) 


(15) 


Nu--NH 2 , NHAtk, NAtk 2 , -Nh=C(NH 2 )Af, OH.SH.SAIk 


Pyl et al. developed a two-stage synthesis of l-aminoimidazoline-2- 
thiones from 2-amino-4-benzylthio-l,3,4-thiadiazole [Eq. (16)] (63LA113). 
This method is somewhat similar to the previous one and has preparative 
importance because of good yields. 


+ 9 H __ y —n —jr R n 2 h^ 

PhCH 2 S X S A NH 2 o «C^r PhCH. 2 s A S' 1 ''N 1 R *“ 


R 

R 1 


H 



S 


nh 2 


(16) 
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According to Eq. (17), a series of 2,3-dihydro-l//-imidazo[l,5-£>]pyr- 
azole derivatives (46) were obtained (78JOC4841). They were investigated 
as structural analogues of histamine. 

R 

R D CH 2 N 2 NCr \ D H 2 /Pd 
2) PhCOCI N-N 'C0Ph 2) R’COCI 

117) 

HN-VS UPOCI3 

r1-C0 N_N ' 2)H 3 0* n V n nh 

COPh 3 Rl 

(46) R, R 1 - H, Me, Ph etc. 


2. Benzimidazoles 

The first representatives of /V-aminobenzimidazoles described in the 
literature were l-p-tolylamino-2-aryl-5-methylbenzimidazoles, which 
were obtained by Fischer from 2-amino-4,4'-dimethylazobenzene in accor¬ 
dance with Eq. (18) (22JPR102; 24JPR16). 


Me^YNH 2 RCHO 

^' N = N-0 _Me 


"Oh. 


"O m , 


The parent of this series (50) and its derivatives (51) and (52) were 
obtained for the first time by Abramovitch and Schofield on heating acyl 
derivatives of o-aminophenylhydrazine (47) in aqueous solution of sodium 
m-nitrobenzenesulfonate [Eq. (19)] (55JCS2326). These authors assumed 
that in the course of the reaction, acylhydrazines 47 are rearranged to 
acylamino derivatives 48, which are cyclized then to W-aminobenzimid- 
azoles. However, on the basis of numerous data on rearrangement of 
dihydroazines into Af-aminoazoles (cf., for instance sections II,F and II,I), 
one cannot exclude that the intermediate product of this reaction also may 
be l,2-dihydrobenzo-l,2,4-triazine (49). 

Abramovitch and Schofield established that the closure of the 1,2,4- 
triazine ring is really in competition with the formation of A^-aminobenzim- 
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0;"r »’ 

nh 2 

(50) R= H 

(51) R =Me 

(52) R =Ph 


idazoles, and if the reaction occurs in the presence of potassium ferricya- 
nide, one can obtain the corresponding benzotriazine 53, obviously, as a 
result of the oxidation of dihydro compound 49. Checking these experi¬ 
ments, Sheng and Day could isolate only traces of amines 50-52, and they 
also drew the conclusion that this is due to the strong competitive reaction 
leading to benzotriazines (63JOC736). This is why they modified the condi¬ 
tions of cyclization by heating compounds 47 with anhydrous carboxylic 
acid, the fragment of which should be placed in position 2 of the imidazole 
ring. By this method, 1-acylaminobenzimidazoles (55) were obtained in 
moderate or good yield and then produced amines 56. Such conditions 
prevent benzotriazine ring closure, since the intermediate diacyl derivative 
54 is able to be cyclized affording only N-aminobenzimidazole. This 
method was developed by Glover and co-workers [73JCS(P1)842]. 


r^V NHC0R |__ r^V-N H 3 Q* 

^-NHNHCOR 

NHCOR 


(54) (55) 



NH 2 

(56) 


0 -Aminophenylhydrazines were also used to obtain 1,2-diaminobenz- 
imidazoles (73JOC3084; 77JOC542) and 1-aminobenzimidazolone 

(85JHC1089) [Eq. (20)]. 
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r-Cti -Ml 


nh 2 

NHCOMe 



nh 2 


R 


<K 


nh 2 

NHNHCOMe 


(20) 


ClC0 2 Et 
(R= H) 


ox ^ ox 

NHCOMe NH 2 


Suschitzky and co-workers (73CC4I) discovered that on refluxing N- 
alkylated o-nitrophenylhydrazines in hydrochloric acid, 1-alkylaminoben- 
zimidazoles are formed in moderate yield [Eq. (21)]. In this rather compli¬ 
cated oxidation-reduction reaction, a positively charged chlorine ion or 
its equivalent is generated because, in some cases, the process is accompa¬ 
nied by electrophilic chlorination of the benzene nucleus. 


*<x: 




N(CH 2 R) 2 


(21) 


Spanish chemists were successful in the synthesis of 2,2'-dimethyl- 
l,l'-dibenzimidazolyl (57) from 2-amino-2'-acetaminoazobenzene 
[81 JCS(P 1)403]. This is the only known example of an N./V'-dibenzimida- 
zolyl. 1 


a NH2 MeCHO 
N H+ 

N )0 

MeOCHN-^ 


-N^Me 

to 


OyL, 


1 N.N '-Dimers of noncondensed imidazoles are apparently unknown. Early reports 
(61AG808; 62BCJ2057; 63ZN406) of the formation of N.N'-dimers on oxidation of 2,4,5- 
triphenylimidazole with lead dioxide have not been confirmed. The two compounds formed 
in this reaction have been found to be 4,4'- and l,2'-dimers (66JA3825). 
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At present, the main method for synthesizing W-aminobenzimidazoles 
is the direct amination of benzimidazoles (Table IV), first reported without 
experimental details in a German patent (73GEP2300521). Further investi¬ 
gations showed the best results were achieved by the use of a large excess 


TABLE IV 

N-Aminobenzimidazoles Obtained by Direct N-Amination 


Substituents 

Aminating 

agent 

Yield 

Footnotes 

None 

HOSA 

80 

a 

2-Me 

HOSA 

70 

h 

2-MeCHBu-t 

MSH 

13 

c 

2-CH(OH)Ph 

HOSA 

38 

c 

2-CH(OH)CH—CH—CH—CH, 

HOSA 

13 

c 


() O O O 


2-CH(OAc)CH—CH—CH—CH, 

1 III" 

MSH 

22 

* 

1 1 1 1 

OOOO 

2-Ph X x 

HOSA 

22 

d 

2-o-C1C 6 H 4 

HOSA 

- 

e 

2-o-BrC 6 H 4 

HOSA 

- 

e 

2-(thiazolyl-4)- 

HOSA 

- 

e 

2-(thiazolyl-4)-5-NHCOPh 

HOSA 

- 

e 

2-(thiazolyl-4)-6-NHCOPh 

HOSA 

- 

e 

2-(thiazolyl-4)-5-NHCOOPr-i 

HOSA 

- 

e 

2-(thiazolyl-4)-6-NHCOOPr-i 

HOSA 

- 

e 

4,7-Me, 

HOSA 

60 

f 

5,6-Me, 

HOSA 

70 

g 

2-NH, 

HOSA 

49 

h 

2-NH, 

HOSA 

86 

i 

2-NH, 

DNPH 

35 

h 

2-NH,-5,6-Me, 

HOSA 

25 

h 

2-NHCOOMe 

HOSA 

- 

e 

2-C1 

HOSA 

24 

a 

2-S0 3 H 

HOSA 

73 

j 


“ (89KGS221) 
b (80KGS814) 

‘ [87JCS(P 1)2787] 
d (89KGS1486) 
f (73GEP2300521) 
'(83KGS386) 

* (81KGS1497) 
h (77JOC542) 

' (89KGS209) 

1 (88KGS1070) 
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of HOSA as the aminating agent in aqueous alkaline solution. For example, 
the yield of 1-aminobenzimidazole 50 is increased to 80% (89KGS221). 
The reports of poor yields (13-20%) are due to the use of an unsuitable 
solvent (78CPB2522) or to an insufficient excess of HOSA [80JCR(M)514]. 

If a bulky substituent is in position 2 of the imidazole ring, the yield of 
the product aminated by HOSA is sharply decreased, and in such cases 
the use of MSH is more preferable [86CC832; 87JCS(P1)2787]. The latter 
reagent is usually applied to obtain 1-R-aminobenzimidazolium salts by 
amination of various 1-R-benzimidazoles [73CI(L)952; 76JCS(P1)367; 
79CPB2521; 88JCS(P 1)3381]. The other method to synthesize such salts 
is the alkylation of 1-aminobenzimidazoles (Section IV,C,1). 

Many l-amino-2-R-benzimidazoles, which are otherwise difficult to syn¬ 
thesize, can be obtained by nucleophilic substitution of the sulfo group in 
l-amino-2-benzimidazosulfonic acid (cf. Section IV,F). All attempts to 
synthesize 1-aminobenzimidazoles by reduction of 1-nitrosobenzimida- 
zoles failed (53CB1101; 63JOC736). 

As a specific kind of intramolecular amination, one can consider the 
oxidative cyclization of arylhydrazones of benzazolyl-2-ketones by the 
action of N-bromosuccinimide (67AG272) [Eq. (22)]. This reaction occurs 
most easily for hydrazones of benzimidazoles, and this process is more 
difficult in the case of benzothiazoles; weakly basic hydrazones of benzo- 
xazolyl-2-ketones do not take part in this conversion. 


Np' Ph NBS 
( XiNH) 


oat 


NBS 

(X-S) 



( 22 ) 


3. Other Imidazole Systems 

At the beginning of this century Franzen worked out an original method 
for synthesizing l-amino-2-arylnaphtho[2,3-d]imidazoles (58) starting from 
2,3-dihydrazinonaphthalene [Eq. (23)] [06JPR545; 08JPR(77)193]. He in¬ 
vestigated many general reactions of amines 58, such as deamination 
by nitrous acid, formation of SchifF bases, acylation, addition of phenyl 
isocyanate, quaternization of the 3-N atom, and others. By these reactions 
the structure of 58 was corroborated. In addition to their experimental 
importance, these results have historical interest, since they were far 
ahead of investigations on other condensed /V-aminoimidazoles. 
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05 


n.hnh 2 

nhnh 2 


ArCHO 


PC 


NHN=CHAr 

NHN=CHAr 


ArCHO 


(23) 


— ^r Hir — oxh, 

N=CHAr NH 2 

(58) 

Fisher synthesized a large group of l-arylamino-2-arylnaphtho[l ,2-d\\m- 
idazoles (60) by cyclization of l-benzeneazo-2-arylideneaminonaphtha- 
lenes under acidic conditions (22JPR102; 24JPR16). It was shown later that 
this reaction can occur on heating 59 in pyridine (67 AG(E)250). 3-Arylamino 
derivatives of naphtho[l ,2-</]imidazole (61) were obtained by this method. 


,,N-R 

-N^CHR 1 AcOH 


•^N-NH-O-OMe 


8-Amino-l,3-dimethylimidazo[4,5-g]quinoxaline-2,4-dione (63) was ob¬ 
tained in 54% yield by the reductive cyclization of nitrohydrazine 62 
(84JHC791). 


M e 'N x v'^!YN0 2 H 2 (Pt/C) —n 

0 <k N'* v ^'NHNH 2 HC0 2 H 0 <k N'^'N !J 

Me Me NH 2 


(62) (63) 

Amination of the corresponding bridge nitrogen heterocycles produces 
salts of l-aminoimidazo[l,2-a]pyridinium (64) [71 JCS(C)3280], 5- 
aminopyrido[ 1,2-a]benzimidazolium (65) [76JCS(P 1)367], 1-aminoimi- 
dazo[ 1,2-a]pyrimidinium (66) [77JCS(P1)78], and 7-aminoimidazo[2,l- 
6 ]thiazolium (67) [74JCS(P1)1137]. The aminating agents were TSH and 
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MSH. Only for the synthesis of salt 64 (R = R' = H), was HOSA used; 
however, the yield was about 15% [71 JCS(C)3280]. A large series of salts 
of type 64 was obtained by acidic cyclization of l-acylmethyl-2-(2-acetyl- 
hydrazino)pyridinium salts [71 JCS(C)3280]. 




C 7 H 7 SO 3 C 7 H 7 SO 3 MesS0 3 


160 (65) 


( 66 ) (67) 


Bradsher and co-workers discovered that 1 -amino-2-phenylimidazo[ 1,2- 
a]pyridinium salts (71) can be obtained in 68% yield on long-term refluxing 
of dihydrotriazinium salts 68 in hydrobromic acid (69JOC2129). Later, this 
reaction was extended to the synthesis of l-amino-2-methylimidazo[l,2- 
fl]pyrimidinium salts (72) from 69. It was found impossible to carry out 
such a ring contraction in the 3-phenyl derivative (70) or in 1 ,4-dihydrothia- 
diazolo[2,3-c]-l,2,4-triazinium salts (73) [74JCS(P1)1137], 


HBr 

+ X" 

nh 2 

X' 

f( S Y N 'N 

N~NvJ^ R 
+ X‘ 

( 68 ) Y= CH, R = Ph 

(71) Y--CH,R--Ph 

(73) 

(69) Y-N, R = Me 

(72) Y=N, R= Me 


(70) Y=N, R = Ph 




Syntheses of condensed N-aminoimidazoIes can also occur by build¬ 
ing new rings onto N-aminoimidazoIe as shown by Eq. (24) (79MI1; 
90KGS1689) and Eq. (25) (88KGS1070). 


CH 2 C0Ph 



NH2 Br 



(24) 
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NH 2 NH 2 


An example of an intramolecular animation of condensed imidazoles via 
nitrene was described [89JCS(P1)961] [Eq. (26)]. 


Oh PCTII i. 

* 


E1 o 2 c^ 


(26) 


D. N-Aminopurines 

Numerous representatives of all possible types of jV-aminopurines, 
namely, 1-, 3-, 7-, and 9-aminopurines are known. We first examine their 
syntheses by direct N-amination. 

Broom and Robins were the first to carry out the direct N-amination of 
purines by the action of HOSA on inosine, guanosine and 2'-deoxyguano- 
sine in aqueous alkaline solutions, affording 1-aminoderivatives 74 in 
33-65% yield (69JOC1025). Amination of 8-oxo-adenosine and 1-amino- 
8-oxoguanosine gave rise to 7-amino-substituted compounds 75 and 76 
(R = /3-D-ribofuranosyl). Japanese chemists verified these data and deter¬ 
mined in addition that at pH 2-4, quanosine is aminated on the carbon 
atom yielding 8-aminoguanosine (72CPB2073). 



nh 2 nh 2 


R 


0 

H 2 N 'N' W '|j—N 

h 2 n' J% n Js n ' 1>0 


(74) (75) (76) 

R=H, Rl= ^-D-ribofuranosyl 
R=NH 2 , R^-D-ribofuranosyl 
R= NH 2 , R'=2-deoxy-^-D-r i bofuranosyl 
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Amination of purine itself and some of its simple derivatives (77) by 
HOSA in DMF-KOH medium was investigated by Somei el al. 
(78CPB2522). They found that under these conditions, purine and 6- 
methylthiopurine are aminated only at position 9, and the yield of amines 
78 and 79 are 6-11%, even in the presence of a large excess of HOSA. On 
amination of adenine together with 6,9-diaminopurine 80 (5% yield), the 
formation of a small amount (0.5%) of 3,6-diaminopurine 82 was noted. 
The amination of position 3 is manifested for 6-benzylaminopurine; the 
yield of compounds 81 and 83 is 25% and 5%, respectively. 


HOSA N^-N 

dmf/koh 

0°C i 

nh 2 

(77) R= H, SMe, (78) R = H 

NH 2 ,NHCH 2 Ph ( 79) R = SMe 

(80) R = NH 2 

(81) R =NHCH 2 Ph 


Ctj 


nh 2 

(82) R=NH 2 

(83) R=NHCH 2 Ph 


9-Benzylhypoxanthine is aminated by HOSA in alkaline media at posi¬ 
tion 1 (85JHC753). Under neutral conditions, adenine and its 7- and 9- 
substituted derivatives are aminated by MSH, affording 1,6-diaminopu- 
rinium salts (74JOC3438; 85RTC302). 

The amination of xanthines was investigated in more detail. Theophyl¬ 
line (81 Mil; 82S592; 83KGS1564; 87KGS1555) and its 8-methyl, 8-amino, 
and 8-halogeno derivatives (83KGS1564; 87CPB4031, 87KGS1398, 
87KGS1555) are aminated only at position 7, resulting in good (R = H, 
NH 2 ) or moderate (R = Me, Cl, Br) yields of amines 84. Under the same 
conditions, the present authors failed to aminate 8-nitro- and 8-phenyl- 
theophyline, probably because of steric hindrance and decreased nucleo- 
philicity of the N-anion. 


Me. 

0 




(84) R = H, Me, Br, Cl, NH 2 
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1-Methylxanthine is aminated by HOSA in aqueous alkali affording a 
mixture of 3-amino- (85) and 3,7-diamino derivatives (86) in yields of 
55% and 10%, respectively (90ZOR1322). Under the same conditions, 3- 
methylxanthine gives a mixture of monoamine 87 and diamine 88 in yields 
of 67% and 7%, respectively (88ZORI524). In both cases, the mono- and 
diamines are easily separated. 



(87) (88) 


3,7-Dimethylxanthine (theobromine) as the sodium salt is smoothly ami¬ 
nated by DPPH (82S592) or HOSA (81 Mil) affording the 1-aminoderiva- 
tive in good yield. There is no information about N-amination of xanthine 
itself. 

The most general and probably the best method for synthesizing 9- 
aminopurines makes use of the cyclization of suitable 5-amino-6-hydrazi- 
nopyrimidines. As cyclizing agents, formic acid or ortho-formates are 
often used; the best mixture is of ort/io-formate and acetic anhydride. The 
cyclization process is often accompanied by side reactions [Eq. (27)]. 

The hydrazino group in 89 is more nucleophilic than the 5-amino group, 
therefore, formylhydrazino derivative 90 is usually formed at the first 
stage. This compound, depending on conditions and on the type of cycliz¬ 
ing agent, can be converted then to triazolo[4,3-c]pyrimidine 91 [pathway 
a in Eq. (27)], l,2-dihydropyrimido[5,4-e]-as-triazine (92) (pathway b), or 
diformyl derivative (93) (pathway c). Compound 93 is the precursor of 9- 
acylaminopurine (94). There is also much evidence of the formation of 9- 
acylaminopurines via dihydroazines (92) (pathway d). 
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N -wNH 2 

R ‘Vn 

(91) 


R "Tl m2 HC0?H r 

^n^nhnh 2 

n ^nh 2 

^N^NHNHCHO 

— rJ QO H (27) 

(89) 

(90) i 

M’,' (92) " 

R 

[ 

n ^YNHCH0 

^N^NHNHCHO 

— 



(Who 


(93) 

(94) 

Alkaline conditions favor the formation of triazolo[4,3-c]pyrimidines 
(91). Thus, on heating in an aqueous solution of NaHCOj, 4-chloro-5- 
amino-6-(ethoxycarbonyl)hydrazinopyrimidine (95) is converted to tri¬ 
azole 96. The action of diethoxymethylacetate on 95, followed by heating 
in hydrochloric acid, gives 9-aminopurine 97 (63JOC2257). 

N^=Y nh 2 NaHC03 

Xnh 2 

1)Ac0CH(0Et) 2 N^jpN 

2) HCl 


**N^NHNHC0 2 Et 

O'* - NH 


NHCO^t 

(96) 

(95) 

(97) 


Montgomery et al. obtained 6-chloro-9-acetamidopurine (99) by the 
action of a mixture of ortho-formate and acetic anhydride on aminohydra- 
zine 98 (60JA4592). The same compound is formed on heating 4-chloro- 
5-amino-6-acetylhydrazinopyrimidine (100) with ortho-formate in the pres¬ 
ence of hydrochloric acid (63JOC923). 



NHCOMe 


(98) 


(99) 


(100) 
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In contrast to 100, its formyl analogue 101 does not give a definite purine 
compound under the same conditions. However, on treatment of 101 with 
ortho -formate in the presence of a small amount of HC1, a mixture of 
dihydrotriazine 102 (57%) and 6-chloro-9-aminopurine (103) (13%) was 
obtained. Refluxing of 101 in formic acid leads to 9-formamidohypoxan- 
thine (104). The latter reaction occurs via the intermediate formation of 
dihydrotriazine 102, i.e., the process proceeds according to pathway d in 
Eq. (27) and is accompanied by hydrolysis of a C— Cl bond (63JOC923). 
9-Acetamidohypoxanthine was synthesized by the reductive cyclization 
of 5-nitro-6-formylhydrazinopyrimidine-4-one by Na 2 S 2 0 4 in acetic acid 
(69JOC2102). 




Cl 

nr# 

nh 2 

(103) 


N<V NH 2 HC02I 
^N^NHNHCHO A 


n 'Orj 


NHCHO 


Additional data on ring contractions in 1,2-dihydropyrimidotriazines 
were obtained by Temple et al. (69JOC3161) [Eq. (28)] and by Brown and 
Sugimoto [71JCS(C)2616] [Eq. (29)]. 


(102) 


S=C(NH 2 )2 



H 3 0 f 


nY^h 2 


HN^S—Nt 

s.V« 
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c,0> 



NHCHO 


(29) 


The synthesis of unsubstituted 9-aminopurine (60JA4592) and its 2,6- 
dimethyl derivative [70JCS(C)139] from the corresponding 5-amino-4- 
hydrazinopyrimidine and formic acid or orf/io-formate in the presence of 
HC1 was reported. 

One of the best modifications for synthesizing 9-aminopurines is to use 
benzylidene hydrazones of 5-amino-4-hydrazinopyrimidines as the starting 
materials. The benzylidene group blocks the N-2 atom in the hydrazino 
group and prevents the undesirable cyclizations to triazole 91 or dihydrotri- 
azine 92 [Eq. (27)]. This method was used to obtain 9-aminohypoxanthine 
(60JA4592) and 9-benzylideneamino-6-methylthio-8-R-purines (R = H, 
Me) (61JOC4961). This gave especially good results in the synthesis of 9- 
amino-1 -methylxanthine [105, Eq. (30)] (87KGS836). 

Me VV N=CHPh hco 2 h wnhcho HC(0Et)3 

O^Nr'NHN=CHPh r'NHN=CHPh Ac 2 0 

(30) 


- ^ 

N-CHPh 

(105) 

It was not possible to obtain 9-aminotheophylline (108) by this pathway 
or by alkylation of the potassium salt of (105). However, 108 can easily 
be synthesized by methylation of the potassium salt of l-methyl-9-benzyli- 
deneaminoxanthine (106) followed by hydrolysis of the Schiff base 107. 



M 6 'n\-n ch 3 i M 6 'n-Vn 

oSj'V DMF 

K f N-C.HPh Me N=CHPh 



Me NH 2 


(106) 


(107) 


(108) 
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In one case, the benzhydryl group was used to protect the hydrazino 
function in 5-amino-6-hydrazinopyrimidine (109) (68JOC530). If the unsub¬ 
stituted aminohydrazine is taken instead of 109, purine 110 is not formed, 
as was mistakenly reported (63JOC2677). The corresponding triazolone is 
formed, however. 

Cl Cl Cl 

C0CI 2, N ApNH HCl nh 

AHNHCHPh2 C5H5N SlA^O AcOH Sl'Njl^O 

NHCHPh2 NH 2 

(109) (110) 

In the final stage of purine biosynthesis, the closure of the pyrimidine 
ring takes place in the corresponding l-R-5-amino-4-carboxamidoimida- 
zole. This approach is often used in the laboratory as well. Thus, it was 
a means of obtaining 9-aminopurines from compounds of type 41 
(R 2 = CONH 2 ) (61JCS3818; 61JCS4845) and 1-aminopurines from 4- 
amino-5-imidazolocarboxylic acid hydrazide (85JHC753, 85JHC1435). 
The synthesis of 1-aminoxanthine by recyclization of xanthines by the 
action of hydrazine (69JOC2157; 82H2291; 85YZ730) has been described. 


E. N-Amino- 1,2,3-triazoles 
1. Noncondensed 1,2,3-Triazoles 

1- and 2-isomers of /V-amino-1,2,3-triazoles exist. Information about 2- 
amino-u-triazoles is found in only two reports describing the amination of 
4,5-diphenyl-u-triazole by the use of chloroamine (67TH1) and HOSA [Eq. 
(31)] (88M1041). In the latter case, a mixture of 1- and 2-aminotriazoles 
was obtained in a total yield of 94%; the mixture was separated by chroma¬ 
tography. The ratio of the isomeric amines was about 1:1. 


Ph >—N HOSA PtK |rN 

PhA^ OH' PhAl-N 

H NH 2 


Ph "r=N 
Ph Al"^-NH2 


(31) 


All other papers are concerned with the more accessible 1-aminotri- 
azole s. Pechmann (1900C B644) and Wolff (02 LA 125; 03 C B 3617) first inde- 
pendently synthesized these compounds. However, in contrast to Wolff, 
Pechmann made a mistake in the correct choice of a structure of the 
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products (see later). Wolff carried out the reaction of a-diazoketones with 
semicarbazide. The semicarbazone 111 thus formed is cyclized at once 
to ureidotriazole 112, and hydrolysis and decarboxylation of the latter 
compound led to 5-substituted 1-aminotriazoles (113). 

E t0 2 C"|*N=N H 2 NCONHNH 2 


-at AS 

nhconh 2 nh 2 

(112) (113) 

This method was substantially modified latter by Alexandrou and 
Adamopoulos, who oxidized bissemicarbazones of a-dicarbonyl com¬ 
pounds with lead tetraacetate [Eq. (32)] (76S482). Supposedly, the oxidant 
is necessary for conversion of bissemicarbazone to bisazo-compound 
(114), which is transformed to 1-ureidotriazole via triazole betaine (115). 
If substituents R and R' differ, a mixture of two isomeric 1-aminotriazoles 
is formed, and the isomer with a bulky substituent in position 4 predomi¬ 
nates. 


E10 2 Cy^N 

R 

nhconh 2 

(111) 


R v ^NNHCONH 2 
R 1 -^ NNHCONH 2 


IT A 


R y n=n conh 2 
R^N^NCON^ 
(114) 


(32) 


__ R s—N 
" R 1 


CONH^- 

N-C0NH2 


,-“22. R R ,I^ Js°L 

nhconh 2 nh 2 


(115) 
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The oxidation of bishydrazones to synthesize 1-amino-l,2,3-triazoles 
was investigated first by Pechmann (1900CB644; 09CB659) and Stolle 
[03JPR469; 04JPR433; 08JPR(78)544], They treated benzyl, diacetyl, and 
glyoxal bisbenzoylhydrazones (116) with potassium ferricyanide and other 
oxidants and isolated products described at first as 2,3-dibenzoyl-2,3- 
dihydro-l,2,3,4-tetrazines (117). The products of their hydrolysis were 
described as structures 118 and 119. Moreover, it was noted that the 
primary product (let us call it X), having the proposed structure 117, is 
isomerized on heating to another substance, Y, which is transformed on 
hydrolysis also to 118 and 119. In 1908, Stolle also made a mistaken 
(although closer to a true) proposal that the product, Y, has a structure of 
2-dibenzoylaminotriazole (120). Stolle proposed this because, on hydroly¬ 
sis, Y followed by deamination of the resultant amine with nitrous acid 
gives the known 1,2,3-triazole derivatives [08JPR(78)544]. Only in 1926 
did Stolle at last reach the correct conclusion that Y is 1-dibenzoylaminotri- 


azole (123), and the products of its hydrolysis have the structures 124 and 

125 (26CB1743). 



R -y NNHC0Ph 
R^NNHCOPh 

K 3 Fe(CN)6 R yN-N-R 2 

OH" ~ 

R ^^-N(C0Ph) 2 

(116) 

(117or"X" ) R 1 =R2=PhC0 

(116) Rl=H,R2= PhCO 
(119) R 1= R 2 = H 

(120) or Y 


It should be emphasized that the dihydrotetrazine structure (117) pro¬ 
posed for the primary oxidation product, X, was still accepted during the 
1960s and 1970s, when it became a subject for contradictory conclusions 
and intensive investigations. As alternatives, the betaine structure 121 
(70AG81) and so-called triazolyl-isoimide 122 (63T1697 ; 66T1309) were 
proposed. The latter proposal was correct, as was proved by X-ray analy¬ 
sis [72JCS(P2)662], Isoimides 122 were also obtained by an independent 
route (78JHC1255; 84JHC1653). Thus, the definitive version of Pech- 
mann’s synthesis of l-amino-u-triazoles now can be presented by Eq. (33). 

Greek chemists investigated the mechanism of oxidation of bisaroylhy- 
drazones of a-dicarbonyl compounds (66T1309; 72JOC2345), the kinetics 
of isomerization of isoimides (77JHC269; 78JHC1255; 84JHC1653), and 
the dipole moments and conformations of isoimides [77JCS(P2)1779; 
79JHC571] and 1-diaroylaminotriazoles (83JHC1469). With an ortho- 
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(116) 


R y^NCOPh R 'l—1 + 

R ^-N=NCOPh R^ N -h-COPh 


_l 

N-COPh 

(121) 



tU C ' 0C0Ph 


( 122 ) 


Ph 


R V N 


h 3 o+ 

20°C 


N(C0Ph>2 


(123) 


(33) 


- XB 


HaQ* 

100°c 


NHCOPh 

(124) 


XI 

ROT 

I 

nh 2 

(125) 


substituent in the aryl nucleus of bisaroylhydrazones, the oxidation leads 
at once to formation of 1 -aroylaminotriazoles (124) (66T1309; 72JOC2345). 
The same occurs on oxidation of bisarylacetylhydrazones of a-dicarbonyl 
compounds (79JHC1373). On oxidation of bisacetylhydrazones, isoimides 
of type 122 are formed in poor yield, and the total process is complex 
(72JOC2345). The data obtained were interpreted to favor the formation 
of bisazo compounds in the first step, and these compounds are then 
cyclized to betaine 121, which are easily isomerized to isoimides. As 
shown here, betaines of type 121 can be isolated in some cases. 

Bishydrazones 126 and 127, unsubstituted at the nitrogen atoms, on 
oxidation immediately form 1-amino-1,2,3-triazoles in 20-60% yields [Eqs. 
(34) and (35)] (61CB3260; 71JPR882). For 127, the reaction is sensitive to 
steric hindrance, and the formation only of l-amino-4-aryltriazoles is the 
evidence for this. 


(CH^J 


NNH 2 

nnh 2 


(126) 


NH 2 
n =4,5 


(34) 


A r vj*.NNH 2 MnQ 2 Ar ^|— m 

^NNH 2 *" M 

Ah 2 


(35) 


(127) 
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Bisarylsulfonyl- (128) [72JCS(P2)662], bistriphenylmethyl- (129) (62J 
OC4300), and bisaryl-hydrazones (130) [71TL633; 72T3987; 89JCS(P1) 
159] of a-dicarbonyl compounds form, on cautious oxidation with I 2 , 
K 3 Fe(CN) 6 , Ag,0, or others in alkaline medium, the red, rather unstable 
bisazocompounds 131. The latter, on treatment with acids, are rapidly 
cyclized to 1-aminotriazoles 133. Bisarylsulfonylhydrazones 128 can be 
converted directly to 133 on oxidation by lead tetraacetate (LTA) or 
mercuric diacetate [78JCS(P 1 )881 ]. Perhaps the bisazo compounds are in 
tautomeric equilibrium with triazole betaines (132), which can be captured 
by various 1,3-dipolarophiles (cf. section IV,E,7). 


r'yNnhr (o) R^^NR __ 

r'-^NNHR r!^n=nr " 

r1 >-n + 

r1^N' N ' r 

R V>i 

Rl^ 


N-R 

NHR 

(128) R =ArS02 (131) 

(129) R = Ph 3 C 

(130) R = Ar 

(132) 

(133) 


Another bishydrazone route involves heating bisarylsulfonylhydrazones 
of a-dicarbonyl compounds (128) with alkali in ethylene glycol to give 
4,5-dimethyl-, 4,5-dipropyl-, and 4,5-diphenyl-1-tosylamino-triazoles 
[52JCS4735; 72JCS(P2)662; 73JCS(P 1)555]. The bistosylhydrazone of 1- 
phenylpropane-l,2-dione yields a mixture of 4-phenyl-5-methyl- and 4- 
methyl-5-phenyl-l-toslylaminotriazole in a ratio of 13 : 5 [73JCS(P1)555]. 
Bisarylsulfonylhydrazones of cyclohexane-1,2-diones are converted to the 
corresponding 1-arylsulfonylaminotriazoles under acidic as well as alka¬ 
line conditions (89JHC301). 

Photolysis of bistosylhydrazone dianions, depending on the wavelength 
of irradiation, can be directed to form 1-tosylaminotriazole or the corre¬ 
sponding acetylene, the latter by fragmentation of the anion 134 (64AG144; 
69JOC1746). 

rXS — r - csc - r 

‘NTos 
(134) 


R h* R 

R ^NNTos R^NNTos 


Recently, the Belgian chemists suggested a novel method to synthesize 
1-amino-1,2,3-triazoles with the use of recyclization of l-aryl-5-chlorotri- 
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azoles (89BSB343) and 5-chloro-l,2,3-thiadiazoles (89JHC1811) under the 
action of hydrazine. 5-Hydrazinotriazoles are intermediates in this conver¬ 
sion [Eq. (36)]. 


R Vw n 2 h * R Vtf 

ciAr N ioo°c h 2 nhn' j 'n' n 

R R 



(36) 


2. Benzotriazoles 

There are two general approaches to synthesize (V-aminobenzotriazoles: 

(1) Direct amination of benzotriazoles 

(2) Cyclization of various 1,2-diazobenzenes, in particular, 2-hydrazino- 
benzenediazonium salts. 

The second approach, resembling the synthesis of l-amino-u-triazoles 
from bishydrazones of a-dicarbonyl compounds, has a long history and 
is more general for 1-aminobenzotriazoles, but is not applicable to 2- 
aminobenzotriazoles. This method was first carried out by Zincke and co¬ 
workers (1886CB 1452; 1887CB2896). They reduced the diazonium salt 135 
by tin dichloride and isolated a product mistakenly described as dihydro- 
benzotriazine 137. Later, this structure was repeatedly corrected, but only 
in 1964 did Katritzky and co-workers finally establish that the compound 
is l-p-tolylamino-6-methylbenzotriazole (136) (64JCS4394). In addition to 
physical methods for the structural proof of 136, the independent synthesis 
of this compound was carried out as shown in Eq. (37). 




(137) 


|^Y N HNHS0 2 P.h KOH _ H* ^Y^N-SOf 

^^N=N-R HOCH 2 CH 2 OH (136) -HS0§ Me-W-N = N- 
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Various modifications of the Zincke method were used to obtain perflu- 
oro derivatives of 1-anilinobenzotriazole [70JCS(C)1519], namely 1,1'- 
dibenzotriazolyl (65USP3184472) and l,2'-dibenzotriazolyl (65USP3184 
471). 

Katritzky and co-workers investigated the cyclization parameters for 
ortho -diazo compounds in the benzene series (64JCS751) and determined 
that if substituents X and Y are aryls, the compounds exist as the ring- 
open form 138. If one of the substituents is electron withdrawing, for 
instance, CN or PhS0 2 , the 1-aminobenzotriazole structure 139 is favored. 

cc: of* 

N-Y 

(138) X=Y=Ar (139) X = Ar, Y = CN, PhS0 2 


Italian chemists worked out an important modification of the Zincke 
method, allowing the synthesis of 1-aminobenzotriazole s having the substi¬ 
tuted amino group (60MI1) to be achieved. The method includes the forma¬ 
tion of an o-aminoarylhydrazine where the hydrazino group is protected 
using an active methylene compound, for instance, malonic or cyanoacetic 
ester. This allows for ready triazole ring closure, affording the Schiff 
base; the latter compound then is hydrolyzed to the corresponding 1- 
aminobenzotriazole [Eq. (38)]. This method has been improved [69JCS 
(0742; 70JCS(C)583], 


»-Cl"? R-CX - 02 - CHilc0 * EI| a 


R _ffY N ° 2 H 3 ( pd/c ) R _fY NH2 HN0 2 
N=C(C0 2 Et) 2 N=C(C0 2 Et) 2 



NH 2 


l=C(C0 2 Et) 2 
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The direct animation of benzotriazole by the use of HOSA was first 
reported in a patent (65USP3184471). The total yield of 1- and 2-amino- 
benzotriazoles, separated by crystallization, was not high (20%). Later, 
Rees and co-workers changes the conditions of amination and achieved 
yields of 38% and 11% for 1- and 2-amino derivatives, respectively 
[69JCS(C)742]. Amination of the sodium salt of benzotriazole with chloroa- 
mine failed. An attempt to exchange the chlorine atom for the amino 
group in 1-chlorobenzotriazole under the action of sodium amide was also 
unsuccessful [69JCS(C)1474]. 

On intramolecular nitrene amination, mesoionic compounds 140 and 141 
were obtained (69JA2453; 65JCS4831). 



(HO) (HI) 


3. Other Condensed 1,2,3-Triazoles 

Most of the isomeric N-aminonaphthotriazoles have been described. 
Direct amination of naphtho[l,2-c/]triazole gives its 3-amino (142) and 2- 
amino (143) derivatives in yields of 24% and 23%, respectively 
[67JCS(C) 1276]. However, on repeating the experiment, the yield of 
amines was worse (18% and 3%, respectively) [69JCS(C)756]. Traces of 
the uncharacterized 1-amino derivatives were found in the mixture. 3- 
Aminonaphtho[ 1,2-c/]triazole was also obtained in several steps from 2- 
amino-1 -nitronaphthalene [67JCS(C) 1276]. 



(142) (143) 


On amination of naphtho[2,3-t/]triazole, amine 144 is formed; however, 
information about its yield is contradictory: 62% [67JCS(C)1276] and 27% 
[69JCS(C)756]. 2-Amino-3-azidonaphthalene (145) was also isolated from 
the mixture in a yield of 2%. It was assumed that the latter compound is 
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formed from 2-aminonaphtho[2,3-d]triazole on isomerization in alkaline 
medium. 


ecu -s- oca 


ca 


nh 2 

n 3 


(145) 


Animation of the sodium salt of phenanthro[9,10-c/]triazole with the use 
of 0-(2,4-dinitrophenyl)hydroxylamine in DMF leads to the formation 
of 1-amino (146) and 2-amino (147) derivatives in 33% and 13% yields, 
respectively. With HOSA, the yield was considerably smaller 
[72JCS(P1)634]. Amination of the sodium salt of the corresponding tri¬ 
azoles by the action of DNPH or MSH produced A-aminotriazoles 148 
and 149 (75AG742), 150-152 (87JHC705), and 153 (88CC1608). The amina¬ 
tion of benzo[l ,2-d : 4,5-d']bistriazole (154) by HOSA or DNPH gives rise 
to the complex mixture of mono- and diamines separated by fractional 
crystallization (86JOC979). 


°a J .JCQi 

nh 2 nh 2 nh 2 


(146) 1-NH 2 (337.) (148) 1-NH 2 (47*/„) 

(147) 2-NH 2 (13*/«) (149) 2-NH 2 (28V.) 


(IbO) 1 - NH 2 (10-31%) 
(Ibl) 2-NH 2 (5 0 /.) 

(1b2) 3-NH 2 (26-50V.) 


V-T—N 

Ph-N- N ^ 

nh 2 
(153) 

3-Aminotriazolo[4,5-6]pyridine (155) has been synthesized [69JCS(C) 
1758] starting from 2-hydrazino-3-nitropyridine, [Eq. (39)], a route which 
is similar to the Italian method in Eq. (38). In the same way, amine 156 
was obtained as well as the quinoline analogues of compounds 155 and 
156. The Italian method [Eq. (38)] was used to obtain A7-aminotriazole 157 
from 5-amino-6-nitrobenzimidazoles (70CC1458). 
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NH 2 

(156) (157) R=R 1 =Me 

R,R 1 = (CH 2 ) 4 


F. N- Amino- 1,2,4-triazoles 

The numerous N-amino-1,2,4-triazoles described at the present time 
can be divided conveniently into five large groups: 

(1) Unsubstituted N-amines and their derivatives having the C-alkyl and 
C-aryl substituents 

(2) N-Aminotriazoles with amino groups in positions 3 and 5 

(3) Oxygen-containing N-aminotriazoles 

(4) Sulfur-containing jV-aminotriazoles 

(5) N-Amino derivatives of the condensed 1,2,4-triazoles. 

1. 1,2,4-Triazole and Its C-Alkyl and C-Aryl Derivatives 

From the very beginning, the chemistry of N-amino-s-triazoles was 
tightly interlaced with the chemistry of the isomeric s-dihydrotriazines. A 
typical example is found in the history of the synthesis of the series 
parent—4-amino-s-triazole (1). Probably, this compound was first ob¬ 
tained by Curtius and Lang (1888JPR531). They, and a little later Hantsch 
and co-workers (1900CB58), investigated dimerization of diazoacetic ester 
in an alkaline medium and isolated the disodium salt of 1,2-dihydro-s- 
tetrazine-3,6-dicarboxylic acid, and then acid 158. On thermolysis or on 
heating in acidic medium, this acid was transformed to the compound 
which was described as 1,2-dihydrotetrazine 159, in spite of its conversion 
into the known 1,2,4-triazole by the action of nitrous acid. 

Only in 1906-1907, did Bulow and also Curtius and co-workers revise 
the dihydrotetrazine structure and make a final choice in favor of 4-amino- 
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5-triazole (1). In particular, Biilow demonstrated the ready reaction of 1, as 
is characteristic for most primary amines, with 1,4-dicarbonyl compounds 
(acetonylacetone, diethyl succinate, etc.), affording the corresponding 
pyrrole derivatives (cf. Section IV,C,4) (06CB2618, 06CB4106). Curtius 
and co-workers, on reduction of 5-tetrazine, obtained authentic 1,2-dihy- 
drotetrazine and discovered that on heating above 130°C, the latter com¬ 
pound is isomerized to the earlier obtained product, 

(1) (07CB815). 

2i$=N-CHC0 2 Et ^ N — H0 2 C^ VcC^H 

2)H30 Th 

(158) 


i.e. 4-amino-5-triazole 


-2C0 2 



(159) (1) 


Almost simultaneously, several teams of chemists worked out another 
method of synthesizing the supposed 1,2-dihydro-s-tetrazines by heating 
N-acyl- and N.AF-diacylhydrazines at temperatures of 150-200°C 
(1896G430; 1899JCS1132; 1899MI1; 03JPR464; 05JCS1768). Taking into 
account the elevated temperature of the reaction, undoubtedly, /V-amino- 
triazoles [Eq. (40)], but not dihydro-5-tetrazines were the result of most 
of these experiments. Deamination of the products to triazoles under the 


2 RC0NHNH 2 



(40) 


N^N U 




CHPh 


(160) 


(161) 
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action of nitrous acids as well as formation of Schiff bases in reactions 
with benzaldehyde provide evidence for this proposal. However, belief in 
the dihydrotetrazine structure was so great that the products of such 
reactions, for instance the Schiff bases, were described by the obviously 
wrong structures 160 or 161 (1899JCS1132; 03JPR464). 

Pinner was the first to seriously consider 4-amino-s-triazole as an alter¬ 
native to the dihydrotetrazine structure [1893CB2126; 1894CB984, 
1894CB3273; 1897LA(297)221, 1897LA(298)1], In a series of papers, he 
investigated the reaction iminoesters with hydrazines leading to 3,6-disub- 
stituted 1,2-dihydro-s-tetrazines (163) via amidrazones 162. Heating 163 
in an acidic medium gave rise to the isomeric products called, by Pinner, 
isodihydrotetrazines. In spite of the correct N-amino-s-triazole structure 
(164) being considered, a final choice was not made. 

M" -S!K r-TVr M2M ‘; H;S0 « . 

OEt NH 2 NH2 N-N 

(162) (163) 


NH 2 

(164) 

During the succeeding years, thermal and acidic isomerization of 1,2- 
dihydrotetrazines was investigated by many scientists [09CB1990; 
56JCS2253; 60M294, 60M595; 64CRI262; 65JOC318; 73JCS(P1 )335]. It 
was noticed that the reaction does not always proceed by the same path, 


/H h 2 . n 2 h 4 n-n HoQ + n-H 

R-<(+ Cl R-(' R -22^. ,)-R 

nh 2 N-N 0 0 


(166) R=PhC(0H)Me, PhC(OH)Et etc. 
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and its course can be changed depending on conditions. Thus, 1,2-dihydro- 
tetrazines, obtained on interaction of the amidinium salts with hydrazine, 
are converted into N, AT-diacyl hydrazines (165) on heating with aqueous 
acids. Only in methanolic hydrogen chloride solution at 0-5°C is isomeriza¬ 
tion of 1,2-dihydrotetrazines to 4-aminotriazoles (166) observed [73JCS 
(PI )335]. 

Acidic hydrolysis and thermolysis of 1,4-dihydrotetrazines can also 
occur in several ways [Eq. (41)] [84JCS(P1)2779]. It should be noted that 
thermolysis in this case yields the less accessible 1-alkylamino-s-triazoles 

(167). 


jU —522. 

Ph A 0 Ph 


CV-iSSr JO* 




H 


| 190 C 

NHR 
Ph^N Ph 
(167) R=Me, i-Pr 


The simplest method to synthesize 4-amino-s-triazole and some of its 
3,5-dialkyl and diaryl derivatives is the reaction of hydrazine hydrate with 
carboxylic acids (11G20; 11G93; 440S12; 53JOC872; 53MI1; 58ZOB2773), 
their esters (05JCS1768), ortho-esters (03JPR464; 17JPR312), and hydraz- 
ides (09G535; 69KGS157). The heterocyclization process occurs via the 
corresponding mono- and diacylhydrazines, which can be isolated and 
separately cyclized on heating at 150-200°C or in the presence of various 
condensing agents (03JPR464; 14JPR508). 

Instead of carboxylic acids, nitriles [1894CB3273, 1894JPR241; 
21JPR113; 56JCS2253; 60M294, 60M595; 64CB523, 64CR1262; 72JCS 
(PD2395], iminoesters [1894CB3273; 1897LA(297)221, 1897LA(298)1; 
31M106; 33M285], and iminothioesters (56JCS2253) can be used. How¬ 
ever, as already noted, these reactions also yield, 1,2- and 1,4-dihydrote¬ 
trazines which, depending on conditions, can become the main products. 
Sometimes, in the synthesis of 3,5-disubstituted 4-aminotriazoles, hydrazi- 
doylchlorides and hydrazine are used [Eq. (42)] (06JPR1, 06JPR277; 
07JPR416; 84JHC797). 
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The cyclization of oxalamidrazone and oxalhydrazidine at elevated tem¬ 
peratures leads to the formation of 4-amino-s-triazole [Eq. (43)] 
(58JOC1931). 

R H B 

NH2 


ho 2 c-( / 


HoN-N 

h 2 nhn 


AT-Amino-s-triazoles also can be obtained by a ring transformation of 
some heterocycles. For instance, hydrazine converts perfluoroalkyl 1,3,4- 
oxadiazoles, under mild conditions via the acyclic intermediate 168, into 
3,5-disubstituted 4-aminotriazoles [Eq. (44)] (66JOC781; 89JOC1760). A 
similar reaction was described also for 3-phenyl-l,3,4-oxadiazolium salts 
[71JCS(C)409]. 


N-N N ? H 4 NHNHCOR,_ 

"« o”c r '1,nh 2 




On heating 4-chloro-, 4-mercapto-, or 4-hydrazinoquinazolines with hy¬ 
drazine hydrate in a sealed ampoule, the 3-(2-aminophenyl) derivatives 
of 4-aminotriazole and triazole are formed in yields of 66% and 22%, 
respectively [Eq. (45)] [72JCS(P1)1842]. 


!L n <> 120-I50°c 




(45) 


Thermolysis of 2-trimethylsilyl-5-phenyltetrazole at 190°C affords tri¬ 
azole 169, and the resultant acidic hydrolysis gives rise to l-amino-3,5- 
diphenyltriazole (170); both reactions proceed in a yield of 90-95% 
(63CB2750). 
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N ''N' N 'SiMe3 - ^: 


Ph-C=N-N-SiMe3 



SiMe3 


1 l(SiMe3)2 h 3 0 + T 2 * 4 

PhAj'^Ph Me0H Ph^N^Ph 

(169) (170) 

Under similar conditions, 5-phenyltetrazole is converted to a complex 
mixture containing amine 164 (42%), 3,5-diphenyl triazole, and different 
phenyl-substituted triazines and tetrazines (62LA146). Electrophilic ami- 
nation of 1,2,4-triazole by HOSA [80JCR(M)514] or by DNPH (89S269) 
leads to 1-amino- and 4-aminotriazole with the great dominance of the first. 
This is the only method to synthesize unsubstituted 1-amino-s-triazole. It 
is known as the nitrene amination of 1,2,4-triazoles [Eq. (46)] [74AHC 
(17)213]. 


CH 2 Ph 

ll-J + MeC0N 3 JlL_ 
k N -N 2 


CH 2 Ph 



NCOMe 


(46) 


2. C-Amino and C-Hydrazino-l,2,4-triazoles 

All known compounds of this type have the Af-amino group in position 

4. The main methods of synthesis are based on cyclization reactions of 
diamino- and triamino-guanidines. Since the latter have several unequal 
nucleophilic centers, reactions often give a poor yield of the corresponding 
A-aminotriazole. 

At the beginning of this century, it was shown that heating diaminogua- 
nidine with carboxylic acids leads to the formation of 3,4-diamino-5-R-i- 
triazoles (171) and isomeric 3-hydrazino-5-R-triazoles (172) (15G450). This 
method of synthesizing 3,4-diamino-s-triazoles is now widely used 
(79JHC1393; 85MI2; 86MI1). Obviously, the formation of 3,4-diamino-i- 
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triazoles on reduction of nitroaminoguanidine with zinc in formic or acetic 
acid (52MI1; 53JOC218) belongs to this reaction type. 


/nhnhcor 
hn'K J - 

HN:— S 


It 

jN^n^r 

NH2 

(171) 


Ji. 


Kroger et al. used the isomeric 7V-methyldiaminoguanidines 173 and 175 
and obtained 3,4-diaminotriazoles 174 and 176 in 37-56% and 54-85% 
yields, respectively (63LA156). 


l N f H2 


MeHN<' 

I^H2 
(173) 


NH-HB 

NH 2 

(175) 


NH 2 

(174) 


HN^R HBr 

nh 2 

(176) 


H2N n B t B 


NHCOR 
I (177) 

4N NaOH 


AX 


nhconh 2 

(178) 


AX 


(179) 
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l-Carbamoyl-5-acyldiaminoguanidines (177) are cyclized to 4-ureido-3- 
aminotriazoles (178) in 0.3 M aqueous alkali, whereas at higher alkaline 
concentration, 3-amino-4-acylaminotriazoline-5-ones (180) are formed 
[67LA(703)116]. Perhaps in the former case, neutral molecule 177 takes 
part, whereas in the latter N-anion, 179 participates. 3-Hydrazinotriazole 
derivatives are also formed in both reactions. The cyclization of 1-carb- 
amoyl-(or l-thiocarbamoyl)-5-arylidene derivatives of diaminoguanidine 
proceeds by a similar way (88JHC565). 

Derivatives of thiosemicarbazide (50JCS614) [Eq. (47)] and 5-methyli- 
sothiosemicarbazide (50JCS1579) [Eq. (48)] give 3,4-diamino-i-triazoles. 
Probably, the corresponding diaminoguanidine, for example 181, is an 
intermediate. 


NHCOPh N2H4 N-N 

X PhyNH 2 

NHCOPh NH 2 


N-N 

Ph^N^S 


PhC0NHNH 2 (47) 


NNHCC 

RHNa' 

SMe 


NNHCOPhI N-N 

RHN-< I— 


nh 2 

(181) 


Ph'V'SjHR 

nh 2 


(48) 


Similarly, hydrozinolysis of 5-methylbisthiourea (65FRP1379479) and 
N,N'-dithiocarbamoyl hydrazine (52JCS4817) affords a mixture of 3,4- 
diamino- (182) and 3-hydrazino-4-amino-s-triazoline-5-thione (183). Desul¬ 
furization of diaminothione 182 by the Raney-nickel reaction yields 3,4- 
diaminotriazole (52JCS4817). 


h 2 n ^NHCSNH 2J2 h^ 

SMe 


N-N 

H 2 N J! 'N' t S 

NH 2 

(182) 


H 2 NHN a N a S 

nh 2 

(183) 


Aminohydrazine 183 can also be obtained by the reaction of thiocarba- 
zide with hydrazine (54JOC733) or dimethyltrithiocarbonate (60ACS1037), 
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by recyclization of 2,5-dimercapto-l,3,4-thiadiazole under the action of 
hydrazine (08CB1099) and on heating triaminoguanidine with carbon disul¬ 
fide (68JOC143) or dimethyltrithiocarbonate (65USP3183241). On using 
dimethylthiocarbonate instead of dimethyltrithiocarbonate in the latter 
reaction, 3-hydrazino-4-aminotriazoline-5-one (184) is formed. 3-Hydrazi- 
no-4-aminotriazole (185) unsubstituted in position 5 is obtained in 91% 
yield on heating triaminoguanidine with formic acid (63LA146). 


H 

n-n : 

X^N U 'NHNH 2 “ 

K=C(SMe)2 H ? NN HCO?H 

'>-nhnh 2 ——~ 

HN L 

. n 

k N A NHNH 2 

NH 2 

NH2 

NH2 

(183) X=S 

(164) X=0 


(185) 


Recyclization of 5-R-2-amino-l,3,4-oxadiazoles, on heating with hy¬ 
drazine hydrate, leads to the corresponding 3,4-diaminotriazoles, 
whose yields varied from 21% to 44% [Eq. (49)] (63LA119). The 
reaction of oxadiazoles 186 with semicarbazide was used to synthesize 
3,4-diaminotriazoline-5-one in several steps [67LA(702) 101 ]. 


N-N 

R J '0 y 'NH2 - 


NH2 

(187) 


H2N^N^NH2 

NH2 

(188) 



Sec. II.F] 


yV-AMINOAZOLES 


131 


3,4,5-Triamino-j-triazole (aminoguanosine) (188) was first obtained by 
Pellizzari et al. on reaction of excess hydrazine with cyanogen bromide 
(05G291). However, the structure of 188 was determined two years later 
when the same reaction was carried out by the action of cyanogen bromide 
on diaminoguanidine [07G(2)317]. In both cases, the process probably 
proceeds via the formation of the cyano derivative of diaminoguanidine 
(187). 

Other methods of synthesizing triamine 188 include the action of oxi¬ 
dants (PbO, HgO) on thiosemicarbazide (34JPR193; 89JHC1077), heating 
of 5-methylisothiosemicarbazide with bases [54CI(L)158; 89JHC1077], or 
hydrazinolysis of dimethylcyanoamide (65JHC98). 

Heating of guanidine carbonate with hydrazine leads to the formation 
of 4-amino-3,5-dihydrazino-.v-triazole (08CB1099). 

3. 1,2,4-Triazoline-3-ones and 1,2,4-Triazoline-3,5-dione 

4-Amino-j-triazoline-3-one (189) was first synthesized by Curtius and 
Heidenreich on heating carbohydrazide with ortho-iormate (1894CB2684; 
1895JPR454). However, in spite of chemical evidence of the presence of 
the primary amino group, the 1,2-dihydro-^-tetrazinone (190) structure 
was adopted. Later, Busch (01CB2311) and Stolle (07JPR423) found con¬ 
vincing proof in favor of the correct structure 189. 


NHNH 2 HCjOEti^ HI 0 H 

N H 100°C ^ 0 Jj-N 

NH 2 nh 2 

(189) (190) 

The method offered by Curtius was applied to ortho-esters of acetic, 
propionic (65CB3025), and benzoic (79JHC403) acids; this allowed him 
to obtain 3-methyl-, 3-ethyl-, and 3-phenyl derivatives of 4-amino-j- 
triazoline-5-one. Instead of ortho-esters , one can use carboxylic acids, 
but in this case A, AT-diacyl-substituted cabohydrazides are first formed, 
which must then be cyclized in alkali (65CB3025). Other cyclizing agents 
for obtaining 3-aryl-4-amino-.v-triazoline-5-ones include trihalogenmeth- 
anes ArCCL 3 (79JHC403) and iminoesters (79JHC403; 83MI1; 84JHC- 
1769). On using iminoesters, carbohydrazide can be superceded with ethyl 
hydrazinecarboxylic ester. The intermediate hydrazone 191 undergoes 
hydrazinolysis, affording 4-amino-3-aryltriazoline-5-ones (192) in a yield 
of 60-95% (79JHC403; 83MI2; 84JHC1769). 
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Ar ^H'HCI H 2 NNHC0 2 Et ^ NNHCOgEt n 2 H 4 

OEt A OEt 

(191) 


NNHC0 2 Et 

NH 

NH 2 


1:1 


0 


(192) 


Other syntheses of 3-aryl-4-amino-s-triazoline-5-ones make use of hy- 
drazinolysis of 1-thiobenzoylcarbohydrazide [75JCS(P1)1781], oxidation 
of 1,5-dibenzylidenecarbohydrazide (80JHC1691), and recyclization of 
2,4-disubstituted l,3,4-oxadiazoline-5-ones under the action of hydrazine 
(68ZC221). 

The formation of l-amino-s-triazoline-5-ones in low yield on thermolysis 
of 3-phenyl-5-hydrazino-l,2,4-oxadiazoles [Eq. (50)] [81JCS(P1)1703] is 
known. The best method of synthesizing 1-aminotriazolinones includes 
direct amination of 3-R-triazolinones. Thus, amine 193 was obtained in 
76% yield [81JCS(P1)1703]. 


ph 7rfl 

N'0 A NHNMe 2 


NMe 2 

Ph^N^O 

H 

34*/. 


OH 

Ph-^N'^Ph 
37 V. 


(50) 


Many l-alkyl-3-R-4-amino-.s-triazoline-5-ones were obtained by alkyl¬ 
ation of the N-anions of 4-amino-3-R-.s-triazoline-5-ones (80JHC1691; 
83MI2; 84JHC1769). 

The history of the synthesis of 4-amino-.s-triazoline-3,5-dione (4- 
aminourazole) (194) is intricate. Curtius and co-workers were the first to 
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synthesize it by hydrazinolysis of diethyl hydrazinedicarboxylate 
(1894CB2684). Later, the same compound was obtained by Purgotti, on 
heating bisurea 195 with hydrazine sulfate (1897G60), and by Pellizzari 
and Roncagliolo on heating ureidosemicarbazide 196 [07G(I)434]. All the 
authors described this compound not as amine 194, but as tetrazinedione 
197 known under the name urazine. Busch and Grohmann (01CB2320) and 
Stolle (07JPR416) argued in favor of the correct structure 194. However, 
almost all investigators were convinced of the correctness of structure 197 
for many decades. Thus, even in 1953, Andrieth and Mohr obtained amine 
194 in a yield of 73%, on heating carbohydrazide in hydrochloric acid, and 
described this compound as 197 (53MI2). 

EtC>2CNHNHC02Et q^N^O ^ ' H 2 S0 

NH 2 
(194) 

/ 

H H H H 

N-N N-N 

0=< Vo 0=< Vo 

NH NH2 N'N 

NH2 H H 

(196) (197) 

In 1959, Belgian chemists worked out another method of synthesizing 
amine 194 by heating phenyl hydrazinecarboxylate (59BSB432). These 
authors, and then Lutz (64JOC1174), finally proved that the product ob¬ 
tained in all cases described earlier has structure 194. The results of Guha 
and De (24JCS1215) were revised, since they proposed the formation of 
urazine 197 from carbohydrazide with urea. The product thus obtained 
was found to be bisurea 195. 

The synthesis of urazine 197 as the result of heating hydrazine and 
carbon dioxide under high pressure in an autoclave have been reported 
(49JCS1156). On the basis of the facts described here, it seems more 
probable that this product is also A-aminotriazole 194. 

4. 1,2,4-Triazoline-3-thiones and 1,2,4-Triazoline-3,5-dithione 

Stolle and Bowles were the first to synthesize 4-amino-i-triazoline-3- 
thione (198, R = H) on heating thiocarbohydrazide with ortho-formate 
(08CB1099). Their data were supported by Beyer and Kroger, who used 
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ortho-esters of the other carboxylic acids as well as their amides and esters 
(60LA135). The latter authors showed that the best yield (75-80%) of 
aminothiones 198 can be reached on refluxing thiocarbohydrazine with 
the carboxylic acids. It is possible to use iminoesters in this reaction 
(59GEP1058844). In the case of acetic anhydride, a mixture of l-acetyl-4- 
acetamino- and l-acetyl-4-diacetimido-aminothiones (198) is formed. 2- 
Methylthiocarbohydrazide and S-methylisothiocarbohydrazide react with 
carboxylic acids, yielding the isomers 199 and 200, respectively 
(61LA121). 


Me 


NHNH 2 rco 2 H jj -N 

s i )H — ^ s T R 

4-# 

S*N X R 


Alt NH 2 

NH 2 

nh 2 

(198) 

(199) 

(200) 


Other methods of synthesizing 4-amino-s-triazoline-3-thiones are as fol¬ 
lows: the reaction of thiocarbohydrazide with sodium salts of dithiocarbox- 
ylic acids (54CB825), the cyclization of 1-thiobenzoylthiocarbohydrazides 
under alkaline conditions [75JCS(P 1)1787], the recyclization of 1,3,4- 
thiadiazoles by hydrazine [62YZ683; 68JCS(C)2099], the two-step cycliza¬ 
tion of thiosemicarbazide by iminoesters or ortho-esters [Eq. (51)] 
(55YZ1149; 56JA1973; 84JHC1689). 


s r* . p,7'“'— p»r csMH! j.i <*> 

NH 2 OEt OEt I 

NHR 

Presently, the synthesis of 5-R-4-amino-s-triazoline-3-thiones is often 
carried out by the Hoggarth method (52JCS4811), where hydrazides are 
treated with carbon disulfide in potassium hydroxide-alcohol solution af¬ 
fording potassium acylthiocarbazates (201). The latter compounds are 
methylated, and then the methyl esters are cyclized on heating with hydra¬ 
zine [pathway a, Eq. (52)]. Reid and Heindel simplified this method by 
cyclizing salts 201 with hydrazine [pathway b, Eq. (52)] (76JHC925). They 
proposed another modification of the Hoggarth method involving the pre¬ 
liminary transformation of acyldithiocarbazates 201 to thio derivatives of 
1,3,4-oxadiazole (202), followed by recyclization by hydrazine [pathway 
c, Eq. (52)]. The authors also suggested the formation of oxadiazoles 202 
as intermediates on treatment of salts 201 with hydrazine. Although there 
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is no proof of this proposal, patients describe conversions of oxadiazoles 
202 to 198 by hydrazine (56GEP953802). 




rconhnh 2 


GS 2 K0 >- RGONHNHCSS K + 
EtOH 

(201) 


n- h n 

R-^N^S 

NH 2 

(198) 


I N 2 H 4 


RCONHNHCSMe 


(52) 


The Hoggarth method and its modifications, mainly pathway b, were 
used to synthesize a large series of 5-alkyl-, 5-hetaryl-, and especially 5- 
aryl derivatives of 4-amino-s-triazoline-3-thione [56YZ1133; 66JOC3528; 
69JCS(C)1218; 71JMC335; 72JHC1169; 73JHC103; 80JOC2479; 

84JHC1225; 86JHC1451; 89JHC177]. 

The synthesis of 4-amino-l,2,4-triazoline-3,5-dithione (204) was first 
carried out by Purgotti and Vigano on hydrazinolysis of dithiourea 203. 
However, the product thus obtained was mistakenly described as 1,2- 
dihydro-s-tetrazinedithione (01G563). Stolle repeated the Purgotti experi¬ 
ments and determined the correct structure to be 204 (07JPR423). These 
results were also rechecked by Arndt and Beilich, who obtained dithione 
204 only on using a large excess of hydrazine (23CB809); as side products, 
they isolated monothione 182 and hydrazo compound 205. 


^HNHCSNH 2 N 2 H; 

nh 2 


sUs 

nh 2 


N-N N-N 
S^NHHN **N 


(203) (204) 


(205) 


The best method of synthesizing aminodithione 204 is from thiocarbohy- 
drazide with potassium ethylxanthate [Eq. (53)]. Guha and De first carried 
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out this reaction on heating the mixture of thiocarbohydrazide and carbon 
disulfide with alcoholic potassium hydroxide in a sealed ampoule 
(24JCS1215). The product thus obtained was readily alkylated on both 
sulfur atoms affording 206, but did not give the Schiff base with benzalde- 
hyde. The latter caused assignment of the 1,2-dihydro-5-tetrazinedithione 
structure to this compound. Only at the beginning of the 1960s did three 
groups of chemists independently determine that Guha had synthesized 4- 
amino-5-triazoline-3,5-dithione (204) (61ACS1295,61ZN767; 64JOC1174). 
Guha did not obtain the Schiff base because of poor solubility of compound 
204. Carrying out the reaction of benzaldehyde with the ammonium salt 
of dithione (204), Lutz obtained azomethine 207 (64JOC1174). 


nhnh 2 

NH 

CS2 / K0H 

(204) 2RX 


EtOH 

OH" 

NH 2 



NH 2 



1 PhCHO 

(206) 


NH;0H (53) 



N=CHPh 

(207) 


Sandstrom used pyridine instead of alcoholic potassium hydroxide to 
synthesize 204 by the Guha method (61ACS1295). Thus, refluxing thiocar¬ 
bohydrazide with carbon disulfide in pyridine led to the formation of 
aminodithione 204 (50%) along with the bicyclic compound 208 (40%) and 
a small amount of 1,3,4-thiadiazole 209. 


S^S^NHNH 2 

(209) 


Similarly, a trimethylthiocarbohydrazide gave the salt 210 in almost 
quantitative yield, and the methylation of this salt led to l-methyl-3- 
methylthio-4-dimethylamino-i-triazoline-5-thione (211) (68ACS309). 
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Me Me 

N-N Mel H 

S^N X SC 5 H 5 NH - S^N^SMe 

NMe2 NMe 2 

(210) (211) 

Refluxing 1,5-di(phenylthiocarbamoyl)thiocarbohydrazide in pyridine 
gives rise to 204,212, and 213 in yields of 44%, 33%, and 7%, respectively 
(66CB81). 


S 4* NH2 CS2 

> c 5 H 5 N 
NMe2 


S=C(NHNHCSNHPh) 2 - 


NH 2 

(212) 


N-N 

S^N^NHPh 

NHCSNHPh 

(213) 


5. Condensed 1,2,4-Triazoles 

One of the first representatives of this series was 3,6,7-triamino-7//- 
1,2,4-triazolo[5,l-c]-1,2,4-triazole (215), obtained in high yield on interac¬ 
tion of traiminoguanidinium hydrochloride with excess cyanogenbromide 
[Eq. (54)] (68JOC143). Diaminohydrazine 214 was proposed as the inter¬ 
mediate in this reaction. This is supported by the cyclization of authentic 
aminohydrazine (214 to 215) or related compounds by the action of cyano¬ 
genbromide, formic acid, or carbon disulfide in alkaline medium. 


NHNH? 

h 2 nn< - 
NH-HCI 


H 2 NHN N NH 2 

nh 2 


nV x n ^nh 2 

NH2 

(215) 


An interesting feature of this reaction is that the N-amino group does 
not take part in the cyclization. This is also observed in other cases. Thus, 
cyanogenbromide and 4-amino-3-(o-aminophenyl)-.s-triazoles (216) give 
the condensed N-aminotriazoles (217), whereas the reaction of 216 with 
ortho-esters proceeds with participation of both amino groups and results 
in triazepine 218 (73TL1643). 

On short heating with excess acetyl- or benzoyl-acetone, hydrochlorides 
of 3,4-diamino-1,2,4-triazoles are converted to l-aminotriazolo[2,3-n]pyri- 
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! (I 


NH 2 Br ^'NHo H2 


^nh 2 

(216) 


V R 


R 1 

( 218 ) 


midinium salts (219) (73UKZ1036,73UKZ1040). Similarly, compound 215 
gives 220 (80UKZ1092). 



R N_l l l 

j 'nh 2 

R nh 2 CIO 4 
(220) 


Recyclization of benzo-l,3,-thiazine-4-thiones (221) by the action of 
thiocarbohydrazide yields mesoionic condensed triazole N-amino deriva¬ 
tives (222) (86JHC43). 


Qj^V Ar S=C(NHNH 2 ) 2 


s 


( 221 ) 



( 222 ) 


By the action of MSH, 2-(2-acylhydrazino)pyridines are transformed to 
N-aminopyridinium salts. These cyclized to l-aminotriazolo[l,5-a]pyri- 
dinium salts (224) in acid. The latter compounds can also be obtained by 
the direct amination of the corresponding 2-R-triazolo[ 1,5-a]pyridines with 
MSH or TSH [76JCS(P1)367]. The cyclic contraction in 1,2-dihydro-s- 
tetrazines discussed earlier suggest the intermediate formation of dihy¬ 
drazine 223. 



NHCOR 



nh 2NHC0R 


^NH 

N^NH x~ 


(j + ] 

k -N A N-NH 2 

N_k R x" 

(224) 
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3-R-l,2,4-Triazolo[4,3-«]pyridines are aminated by TSH, affording only 
1-aminotriazolium salts 225 (R = H, Ph) or a mixture of salts 225 and 226 
(R = Me) in a ratio of 9:1 [76JCS(P1)367], 


C\]i 


iau 




r>-^-NH2 


(225) (226) 


G. N-Aminotetrazoles 

Methods based on cyclization, recyclization, or direct amination were 
developed to synthesize TV-aminotetrazoles. Almost all these reactions 
lead to 1-aminotetrazoles, and only the A-amination of tetrazoles also 
involves the formation of 2-amino derivatives. For the cyclizations, gemi- 
nal azidohydrazones of type N 3 —C=N—NHR or N 3 —C=N—N=CRR' 
are used as a basis. Thus, on heating in alcohol, benzalbenzhydrazide 
227 is converted to l-benzylideneamino-5-phenyltetrazole, hydrolysis of 
which yields amine 228 (14CB1132). Other l-amino-5-aryltetrazoles 
(22CB1297 ; 33JPR1) as well as 1-arylaminotetrazoles can be obtained 
similarly [Eq. (55)] (62T1001). The products of Eq. (55) were first mistak¬ 
enly described as 2,6-diaryl-2,5-dihydropentazines (26JCS113). 


. |L M N= CHPh A N-N H 3 O* M-N 

M N=S-ii E!0h n 

N-CHPh NH 2 

(227) (228) 


Ph 


^NNHAr 

nhnh 2 


NaN0 2 
HCI ’ 


Ph ~( 


N-N^-Ph ( 55 ^ 
NHAr 


The symmetrical dibenzhydrazide dichloride (229) was used in a two- 
step synthesis of 5,5'-diphenyl-l, 1 '-ditetrazolyl (230) and 1-benzoylamino- 
5-phenyltetrazole (231) (62CB2546). The yield at both stages was almost 
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quantitative. Interestingly, the diazide 232 is not cyclized to ditetrazolyl 
230 (62CB2546); on heating in alcoholic alkali, 232 yields 1-aminotetrazole 
derivative (233) (22CB1297). 


Ph-C=NN=C-Ph 

Cl Cl 
(229) 


HN 3 rn-C=N-N —rf rn "2*4 
t\ N-^-N 2)HN02 




-^ ph 


H 2° (230) 

OH' 


PhCONHN—il' Ph 

N'VN 

(231) 


Ph-C=l 

^3 


: C-Ph 

N 3 


(232) 


(228) 

N'N Ph 
NH-C=NPh 
OR 
(233) 


A method using an ethoxymethylene derivative of benzalhydrazine (234) 
was worked out (60CB850) to try to obtain the unsubstituted 1-aminotet¬ 
razole. 


PhCH-NNH2 


HG(0Et) 3 

h* 


PhCH=N-N=CHOEt 


HN 3 


(234) 




nh 2 

1)1 -il 

n^n 


A general method of synthesizing 1,5-diaminotetrazoIes was first 
worked out by Stolle (31JPR209) and was then modified by Ukrainian 
chemists (84KGS1683). This involves the action of sodium azide and lead 
dioxide on thiosemicarbazide or on its N-substituted derivatives [Eq. (56)]. 
Presumably, the intermediate in this reaction is carbodiimide 235, which 
adds the azide ion before cyclization. The use of thiocarbohydrazide in- 
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stead of thiosemicarbazide as the initial compound yields l-amino-5- 
hydrazinotetrazole (31JPR209). 

NH 2 

RNHCSNHNH2 NaN X f RN=C=NNH 2 1-^ (56) 

Pb02 L J 'N 

(235) 

l-Aryl-5-hydrazinotetrazoles, obtained by the action of hydrazine hy¬ 
drate on l-aryl-5-chlorotetrazoles, undergo the Dimroth rearrangement on 
heating in alcohol, resulting in l-amino-5-arylaminotetrazoles [Eq. (57)] 
(88BSB543). 

»c, *-V 1571 

Ar Ar NH 2 


Tetrazole and its 5-substituted derivatives are aminated by HOSA 
in aqueous sodium carbonate to afford a mixture of 1- and 2-aminotetra- 
zoles in yields of 40-50% [Eq. (58)] (69CJC3677). The amination of 
5-aminotetrazole is less successful, and the total yield of 1,5- and 2,5- 
diaminotetrazoles is not greater than 13%. Usually, the yield of 1-aminotet- 
razole is 1.5-2 times greater than that of the 2-isomer. An exception is 5- 
phenyltetrazole, which presents the opposite result. 




HOSA N-fl 
Na 2 C03 ' 

NH2 

>-Pr, Ph.cx-furyl, NH 2 


rW-NI 


(58) 


H. N - Amino Derivatives of peri-Condensed NH-Heterocycles 

The structural similarity to azoles and the resemblance of many physico¬ 
chemical properties allow one to consider peri-codensed NH-heterocycles 
of the perimidine type (236) as analogues of azolo heterocycles 
(85KGS867). Under the action of MSH, perimidine and its substituted 
derivatives give the quaternary salt 237 in good yield (80KGS93; 
83CPB1378). One of these salts was converted to l-methyl-3-amino-2,3- 
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dihydroperimidine (238) by sodium borohydride (80KGS93). An attempt to 
synthesize the base of 1-aminoperimidine using HOSA in alkaline medium 
failed (80KGS93). 



Unlike perimidine, naphtho[l,8-d,e]triazine ( 239 ) is readily aminated by 
HOSA, affording 1 -amino derivative 240 and l-amino-8-azidonaphthalene 
241 in yields of 37-46% and 12-26%, respectively [69JCS(C)756, 
69JCS(C)769]. Azide 241 is formed on decomposition of the unstable 2- 
aminonaphtho-[l,8-d,e]triazine in alkaline medium. The latter compound 
can be isolated in low yield on cautious amination of the sodium salt of 
amine 239 [69JCS(C)756]. By cyclization of l-amino-8-hydrazinonaphtha- 
lene hydrazones, the hydrazones of amine 240 were obtained; however, 
it was impossible to convert the latter hydrazones to the free amine, 
probably because of the low stability of such an amine under acidic condi¬ 
tions [68JAI923; 69JCS(C)769]. 



(239) 




(241) 


I. N-Amino Derivatives of Thiazoles, Thiadiazoles, 
and Oxazoles 

The first syntheses of Af-aminothiazoles were based on cyclization. As 
starting compounds, one could use thiosemicarbazide, thiocarbohy- 
drazide, dithiocarbohydrazide and their derivatives interacting with a- 
halogenocarbonyl compounds. Thus, McLean and Wilson carried out the 
reaction of thiosemicarbazide with chloroacetone and described the com¬ 
pound thus obtained as 1,3,4-thiadiazine 243 (37JCS556). However, Beyer 
and co-workers showed that the course of this reaction is hard to define 
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and, depending on conditions, can lead to different products including N- 
aminothiazole derivatives (54CB1385). 

If the reaction of thiosemicarbazide with chloroacetone is carried out in 
a warm dilute solution of hydrochloric acid, the thiosemicarbazone of 
chloroacetone ( 242 ) is formed in 85% yield. Heating 242 in ethanol cyclizes 
it to thiadiazine 243 , whereas heating in anhydrous ethanolic benzaldehyde 
yields the benzylidene derivative of 4-methyl-2-hydrazinothiazole ( 244 ). 
At the same time, refluxing 242 in concentrated hydrochloric acid gives 
rise to 4-methyl-3-aminothiazoline-2-imine ( 245 ) in 95% yield. The latter 
compound can be also obtained by the action of concentrated HC1 on 
thiadiazine 243 . On using various a-halogenoketones and thiosemicarba- 

*'S !J 'NH2 

(243) 

J EtOH.i 

H 2 NNHCSNH 2+ MeCOCH 2 Cl — cr^NH ^VWcHPh 

(242) (244) 

| HCI,A 
NH 2 

Me v-N 

^S^NH 

(24b) 

zide, one can also synthesize other 4(5)-substituted 3-aminothiazoline-2- 
imines by this method (53G296; 54CBI392; 56CB1652; 73JPR79). Chang¬ 
ing thiosemicarbazide to thiocarbohydrazide leads to 3-amino-4-methyl- 
thiazolone-2-hydrazone ( 247 ) via thiadiazine 246 (54CB1401). 

nh 2 

S=C(NHNH 2 ) 2 ♦ MeC0CH 2 Cl -- l s ^ NHN H 2 -~ ^S^NNHz 

(246) (247) 

2-Hydrazinothiazoles (54CB1392) and 2-arylthiazolone-2-hydrazones 
(59JPR265) are recyclized into the corresponding 3-aminothiazoline-2- 
imines on heating with hydrochloric acid [Eqs. (59) and (60)]. 



144 


V. V. KUZMENKO AND A. F. POZHARSKII 


[Sec. Il l 


R 

R 1 


Y—N c.HCl R 

^S J 'NHNH 2 a R 1 


nh 2 

^1 NH 159) 


K y-N 207. HC1 
R 1 ^S Jf NNH 2 a 


(60) 


3-Aminothiazoline-2-thiones are synthesized from potassium dithio- 
carbazate (54AK249; 87H1323) or potassium benzoyldithiocarbazate 
(57YZ771; 67AG618) obtained in situ by the action of carbon disulfide on 
hydrazine or benzoylhydrazine. The alkylation of potassium salts by a- 
halogenocarbonyl compounds leads to intermediates 248 or 250 , which are 
cyclized to the corresponding 3-aminothiazoline-2-thiones ( 249 ) and ( 252 ) 
in acidic medium. The product 252 was first mistakenly described as a 
thiadiazine ( 251 ) (57YZ771), but the structure was corrected in favor of 
the N-aminothiazole (66AG841; 67AG618). 


S AfC0CH 2 Br 

H 2 NNHCS"K + *" 


Cl 

S R 1 COCHR 
PhCONHNHCS" K* *" 


s j 

c.HCl Ar 

— Xk 

H 2 NNHCSCH 2 COAr 

(248) 

(249) 


COPh 

Ryk 

R -v 

x R'y'Sh 

0 NHNHCOPh 

R^S^S 

(250) 

. NHCOPh 

V" 

R^S^S 

(252) 

(251) 


N-Aminothiazolium salts 253 are obtained by the amination of thiazoles 
with the use of MSH (73JHC947; 74CPB482, 74JHC459, 74S126). Simi¬ 
larly, one can synthesize the salts of 3-amino-2-R-benzothiazolium 
(R = H, Me, Ph, NHAc) (73JHC947; 74S126), 2,3-diaminonaphtho[l,2- 
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cflthiazolium (84JHC1571), and 2,3-diamino-l,3,4-thiadiazolium (79CPB- 
2521). Intramolecular amination of thiazole 254 affords, via a nitrene, the 
mesoionic compound 255 (76JOC129). 


NH2 

MesSOi - 

(253) 


Et0 2 C A S 

(254) 


C -BSl Qrt 

Ph e»o 2 c^ s 


(255) 



(256) 


Few data on /V-aminooxazoles are known. The amination of benzo- 
xazoline-2-one by HOSA in the presence of soda (the N-amine is decom¬ 
posed and used in aqueous alkali) affords the 3-amino derivative 256 in 
50% yield [69JCS(C)772; 70JCS(C)576]. 

English chemists proposed that the thermal conversion of 1,2,4-benzo- 
xadiazines to benzoxazoles, which is accompanied by a release of hydro¬ 
gen and ammonia, proceeds via the unstable AMminobenzoxazolium beta¬ 
ine 257 (Eq. (61)] [88JCS(PI)2169], 


»’O0 




NH 



(257) 

^3NH J -- 1.5 jfJH=NH J N 2 + NH 3 


There are some data on 3-aminosydnones (88H1697; 89JHC453). 


III. Structure and Physical Properties 

Few systematic data on important physico-chemical properties of N- 
aminoazoles, such as crystal structure, NH-acidity, or the oxidation-re¬ 
duction electrochemical parameters, exist, although isolated examples are 
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known. Information about dipole moments and 15 N-NMR spectral data on 
unsubstituted N-aminoazoles are practically absent. However, available 
data, especially based on UV and IR spectroscopy, allows one to draw 
some substantial conclusions on the nature of electon interaction between 
the N-amino group and the azole nucleus. It also allows one to understand 
the main peculiarities of the chemical behavior of N-aminoazoles. 


A. Aggregate State, Melting Point Trends, 
and Solubility 

Most jV-aminoazoles are crystalline compounds. Only 1- and 2-aminotet- 
razoles, 1-aminopyrazole, and some of its simple C-alkyl derivatives are 
liquids under usual conditions. Most N-aminoazoles are stable; many of 
them can be distilled in a vacuum without decomposition. However, N- 
aminotetrazoles can explode (69CJC3677). 

Judging by X-ray structural analysis (71ZC179) and melting points, N- 
aminoazoles associate by intramolecular hydrogen bonds. Thus, 1-amino- 
benzimidazole is a crystalline compound with m.p. 156-157°C, whereas 
1-dimethylaminobenzimidazole is an oil. For the same reason, N-amino- 
azoles melt, as a rule, at higher temperatures than the corresponding N- 
alkylazoles (Table V). The N-aminoazole aggregates are not as strong as 
the aggregates of parent azoles, since the melting points of the latter 
compounds are usually a little higher. The only exceptions are 1,2,3- 
triazoles and their N-amino derivatives (Table V). 

As regards solubility, N-aminoazoles occupy also an intermediate posi¬ 
tion between azoles and (V-alkylazoles. For instance, jV-aminoazoles as 
well as azoles have good or moderate solubility in polar solvents (water, 
alcohol). But at the same time, many N-aminoazoles as well as N-alkyla- 
zoles show good solubility in benzene and heptane and often can be 
recrystallized from them. 


B. Crystal Structure and Quantum 
Chemical Calculations 

X-Ray structural investigations on some N-aminoazoles, namely N- 
aminopyrazoles [89AX(C)1902], 1-amino-l,2,3-triazoles (71ZC179), 
4-amino-1,2,4-triazoles (89JOC1760), 9-amino-1-methylxanthine (87KGS- 
836), and 1-aminobenzimidazole and 2-aminobenzotriazoles [90JCS(P2)- 
237] have been reported. In the last two papers it was shown that N- 
aminogroup has a pyramidal configuration, as in hydrazine. The axis of 
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TABLE V 

Melting Points (°C) of Some Azoles 
and Their A-Methyl- and A-Amino Derivatives 




A-Methyl"* 

A-Amino 

Azole 

Unsubstituted" * 

1-Me 

2-Me 

l-NH, 

2-NH, 

Pyrazole 

70 

b.p. 

127 

b.p. 71 (15mm) 1 

Indazole 

146-147 

60-61 

56 

108-109*' 

97-99* 

Benzimidazole 

170 

61 

_ 

156-157' 

_ 

1,2,3-Triazole 

23 

15-16 

22 

5P 

_ 

Betzotriazole 

98-99 

64-65 

b.p. 104 
(15mm) 

84* 

121-122* 

1,2,4-Triazole 

120-121 

20 

90(4-Me) 

86-88* 

81-82 

Tetrazole 

158 

38-39 

9-10 

b.p. 137-142 
(0.7mm)' 

b.p. 89-91 
(0.3mm)' 


" (76MI1) 
*(82MI1) 

‘ (85LA1732) 
d [75JCS(P1)31] 

' (89K.GS221) 
'(09CB659) 

* [69JCS(C)742] 

* [80JCR(M)514] 
' (69CJC3677) 


the vacant electron pair is located in the plane of the azole system, and 
the hydrogen atoms are arranged on different sides of this plane. Evidently 
with such geometry, conjugation between the N-amino group and the 77- 
system of the ring should be at a minimum. These data are in good agreeem- 
ent with quantum chemical energy calculations for various /V-aminoazole 
conformers made with the use of both nonempirical and modified neglect 
of differential overlap (MNDO) methods (89KGS1221). 

There are X-ray structural data on /V-benzoyl- [72JCS(P2)662], N,N- 
dibenzoyl- [75AX(B)2788], and A7-tosyl derivatives (89JHC301) of 1- 
amino-1,2,3-triazole and on the l-(AT-aziridinyl)benzimidazole derivative 
(86CC832). In these compounds, the nitrogen atom of the amino group is 
also pyramidal. 

Semiempirical quantum chemical calculations using the complete ne¬ 
glect of differential overlap (CNDO/2) method were made for 1,2-dia- 
minoimidazole (84KGS1396), 1,2-diaminobenzimidazole (85KGS1402), 
1-acylamino-1,2,3-triazoles (87JHC1461), and 7V,./V'-diazolyls [80JCR(M)- 
514]. 
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C. Basic Strength and Site of Protonation 

Theoretically, /V-aminoazoles can be protonated on either the iV-amino 
group or on the azole nucleus. The preferred place of protonation can be 
obtained by analysis of their p K a constants. pA a values for a series of N- 
aminoazolium ions in acetonitrile are presented in Table VI. Extrapolation 
of these pA a values to aqueous solution shows they must decrease by 
about 7.5. Since 1-methylindole is not protonated in acetonitrile, it is 
evident that the pA a value of 6.55 for this compound pertains to the 
protonated amino group. 

This value is several orders of magnitude less than that for protonated 
hydrazine. This is evidence for a very strong electron-withdrawing influ¬ 
ence of the N-indolyl substituent on the amino group. One can assume 
that such an influence is mainly due to inductive character. Taking into 
account that the electron-withdrawing effect of the N-azolyl substituent 
is greater than that of the N-indolyl group [87AHC(42)1], there is no doubt 
that the base strength of the N-amino group must be even less in N- 
aminoazoles than in 1-aminoindole. Therefore, the relatively high pA a 
values for the N-amino derivatives of benzimidazole, indazole, and theo- 
philline provide evidence that protonation takes place on the ring nitrogen 
atom. 

The basicity of all the N-aminoazoles is a little less than the base strength 
of the corresponding N-methylazoles (Table VI). This shows the slight 


TABLE VI 

pK a Values (in MeCN, 20°C) of Some 
N-Amino- and N-Methyl- azolium Ions" 


Heterocycle 

Substituent 

P*a 

Indole 

l-NH, 

6.55 

Benzimidazole 

I-Me 

13.50 

Benzimidazole 

l-NH, 

12.83 

Benzimidazole 

1-NMe, 

12.40 

Indazole 

l-Me 

6.85 

Indazole 

l-NH, 

6.70 

Indazole 

2-Me 

9.26 

Indazole 

2-NH, 

8.64 

Theophilline 

7-Me 

7.60 

Theophilline 

7-NH, 

7.20 

Theophilline 

9-Me 

9.91 

Theophilline 

9-NH, 

9.30 


“ (89KGS221) 
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electron-withdrawing effect of the N-amino group relative to methyl. A 
stronger electron-acceptor effect is exhibited by the A-azolyl groups in 
N,N'-diazolyls. Thus, the pK a value for l-(s-triazolyl-4)-benzimidazole, 
protonated on the imidazole ring, is equal to 1.34 (in aqueous solution). 
That is considerably lower than the value for benzimidazole (pK a 5.55) 
[85JCS(P1) 1209]. 

A number of p K a values have been measured for some 4-amino-1,2,4- 
triazoles in 50% aqueous methanol (80JHC1691). The pK a value for the 
unsubstituted amine (p/C a 2.27) is a little different from that of 1,2,4-triazole 
(p/£ a 2.30 in water). This obviously points to protonation on the ring 
nitrogen atom. 

Latvian chemists calculated by the Slater-type orbitals, three Gaussian 
(STO-3G) basis set the proton affinities for 1-aminopyrrole and A-amino- 
azoles (89KGS1221). 


D. NH-Acidity 

An indicator method was used to measure the equilibrium NH-acidity 
values of 1-aminobenzimidazole (pK a 28.4), 1-aminoindazole (pAT a 28.6), 2- 
aminoindazole (pK a ~24), and 7-aminotheophilline (p/C a 23.3) (89KGS221). 
The measurements made using dimethoxyethane can be converted to an 
absolute scale of acidity in dimethyl sulfoxide (DMSO) by increasing the 
p K a value by 1.5. The NH-acidity values for A-aminoazoles are consider¬ 
ably greater than for ammonia (pK a ~41 in DMSO), but are similar to the 
value for aniline (p K a 30.7). It is known that the acidifying action of the 
phenyl group is summed up almost equally by its inductive and mesomeric 
effects. Therefore, the acidity value for ammonia is increased by phenyl 
or by benzazolyl groups almost by the same amount. Perhaps this repre¬ 
sents the inductive effect of the benzazolyl groups. 

A high NH-acidity is observed for 4-acetylamino-l-R-l,2,4-triazolium 
salts (258) (72ZC250). Values are similar to the acidity of acetic acid, which 
is some 10 orders of magnitude greater than that for acetamide. 


(258) R=PhCH 2 pK a 4.5 

R=n-Bu pK a 4.9 
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E. Electrochemical Properties 

Using the cyclic voltamperometric method, oxidation potentials of some 
N-aminoazoles have been measured (Table VII). All compounds thus 
investigated give only a one-electron oxidation wave. The oxidation pro¬ 
cess is practically irreversible, and this represents instability in the radical- 
cations thus formed. Comparison of the oxidation of N-amino- and N- 
methyl-benzazoles indicates that the N-amino groups decreases the E pa 
value on the average by 0.2 V. Probably, this is explained by an overlap 
of the heterocycle 7r-orbitals with that of the unshared electron pair of the 
amine nitrogen atom, providing some stabilization of the radical-cation. 

1-Aminoindole is oxidized the most easily. The oxidation potentials of 
the N-amino derivatives of benzimidazole, indazole, and theophilline are 
a little greater, all being similar. Obviously, the data show the detachment 
of an electron from a 7r-orbital of the heterocyclic system and not from 
the n-orbital of the amino group. 


F. Dipole Moments 

So far, there are no data on dipole moments of unsubstituted N-aminoa- 
zoles. Measurement of dipole moments of N,N '-diazoles [80JCR(M)514], 


TABLE VII 

Ep,“ of N-Amino and N-Methyl Derivatives of 
Some Condensed Azoles 4 


Heterocycle 

Substituent 

Ep, 

(V) 

Indole 

1-Me 

1.18 

Indole 

1-NH, 

0.95 

Benzimidazole 

1-Me 

1.68 

Benzimidazole 

1-NHi 

1.44 

Indazole 

1-Me 

1.62 

Indazole 

1-NH, 

1.12 

Indazole 

2-Me 

1.42 

Indazole 

2-NH 2 

1.42 

Theophilline 

7-Me 

1.62 

Theophilline 

7-NH, 

1.40 

Theophilline 

9-Me 

1.46 

Theophilline 

9-NH 2 

1.47 


“ E pa , potentials of anodic oxidation. 
4 MeCN, 20°C vs. SCE (89KGS221). 
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l-(a-aroyloxyarylideneamino)-l ,2,3-triazoles [77JCS(P2) 1779; 79JHC571 ], 
and l-(vV,Ar-diaroylamino)-l,2,3-triazoles (83JHC1469) was reported with 
the goal of investigating conformations. The Spanish chemists have con¬ 
ducted theoretical calculations of dipole moments of 17 different N- 
aminoazoles [90JCS(P2)237]. 


G. Spectra 


1. Infrared Spectra 

Practically all reported IR spectra were recorded for solid samples. 
Therefore, the position of A-amino group bands is affected to some extent 
by the intermolecular hydrogen bonds. However, the information unam¬ 
biguously shows the .^-hybridization (or close to this) of the nitrogen 
atom in the amino group of /V-aminoazoles. The symmetric and antisym¬ 
metric stretching bands of the NH 2 group appear in the regions 3200-3350 
and 3120-323 cm -1 , respectively (Table VIII). This is considerably lower 
than for C-aminoazoles and approximately corresponds to the frequencies 
for ammonia, hydrazine, and alkylamines. As a rule, the v as peak is more 
intense and sharp than the v s peak. IR spectra of some yV-aminoazoles, 
measured in carbon tetrachloride solution, reveal almost the same tenden¬ 
cies (88SA283). 


TABLE VIII 

N—H Stretching Vibration in Some N- 
Aminoazoles (in Nujol) 


Heterocycle 

Substituent 

‘'Nfy 

Footnotes 

Indazole 

1-NH 2 

3300, 3200 

a 

Indazole 

2-NH 2 

3240, 3160 

a 

Benzimidazole 

i-nh 2 

3305,3120 

b 

Benzotriazole 

i-nh 2 

3230,3130 

c 

Benzotriazole 

2-NH 2 

3285,3140 

c 

Purine 

9-NH 2 

3200, 3130 

d 

Theophilline 

7-NH 2 

3340, 3230 

e 

Theophilline 

9-NH 2 

3325, 3225 

e 


“ [75JCS(P1)31] 
b (89KGS221) 

1 [69JCS(C)742] 
“ (60JA4592) 

’ (89THI) 
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2. Ultraviolet Spectra 

Electronic absorbtion spectra of N-aminoazoles and related N-alkyla- 
zoles are practically identical. This fact is one more piece of evidence 
testifying to the absence of marked conjugation between the JV-amino 
group and the azole nucleus. This was demonstrated, for instance, for 
the N-amino derivatives of purine (69JOC1025), xanthine (89KGS221; 
90ZOR1322), benzimidazole and indazole (89KGS221), benzotriazole 
[69JCS(C)742], and 1,2,3-triazole (71JPR882). For azoles which can be 
aminated on different nitrogen atoms, electronic spectra are good for 
structure determination of the corresponding N-amino derivatives 
(69JOC1025; 90Z0R1322). 

3. Nuclear Magnetic Resonance Spectra 

The proton signals of the NH 2 group are the most interesting in the 
'H-NMR spectra of JV-aminoazoles (Table IX). Usually, these signals ap¬ 
pear as a slightly broadened singlet at 4.80-8.30 ppm, depending on the 
electron-acceptor effect of the jV-azolyl substituent. Boundaries of this 


TABLE IX 

Proton Chemical Shifts for N-Amino Group in N-Aminoazoles 


Heterocycle 

Substituent 

Solvent 

s NH 2 (ppm) 

Footnotes 

Pyrazole 

1-NH, 

CDC1 3 

5.55 

a 

Indazole 

1-NH 2 

CDClj 

5.41 

b 

Indazole 

2-NH 2 

CDClj 

6.00 

b 

Benzimidazole 

i-nh 2 

CDC1, 

4.84 

c 

1,2,4-Triazole 

I-NHj 

DMSO-d 6 

6.60 

d 

1,2,4-Triazole 

4-NH 2 

DMSO-d 6 

6.23 

d 

Benzotriazole 

i-nh 2 

DMSO-d 6 

5.94 

e 

Benzotriazole 

2-NH, 

DMSO-d 6 

8.28 

e 

Tetrazole 

1-NH 2 

DMSO-d 6 

7.10 

f 

Tetrazole 

2-NH 2 

DMSO-d 6 

7.97 

f 

Theophilline 

7-NH 2 

DMSO-d 6 

6.30 

8 

Theophilline 

9-NH 2 

DMSO-d 6 

6.40 

8 


“ (85JOC5520) 

* (75JCS(P1)31) 
r (78CPB2522) 

d (80JCR(M)514) 
f (69JC S(0742) 
'(69CJC3677) 

* (89TH1) 
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range are given by l-aminobenzimidazole( 8 NH 2 4.84) and 2-aminobenzotri- 
azole (8.28 ppm). Interestingly, the signals of the NH 2 groups in the 
'H-NMR spectra of 1-aminopyrrole (69CB3268) and 1-aminoindole 
(78CPB2522) are recorded at 4.50 and 4.46 ppm, respectively. 

Using assignments of the NH 2 group’s NMR signals helps to elucid¬ 
ate the course of amination of the tautomeric azoles. Thus, the chemical 
shift values for 1- and 3-aminoxanthines are recorded over a range of 5.30- 
5.50 ppm, whereas for 7- and 9-aminoxanthines, the NH 2 signals appear 
over a range of 6.30-6.40 ppm (81MU; 89TH1). As a rule signals of each 
amino group appear distinct in C.TV-diaminoazoles (73JOC3084; 86S71; 
87CPB4031). However, for 1,5-diaminotetrazole, distinction between the 
signals occurs only below ~50°C (6.64 and 6.92 ppm in DMSO-D 6 ); at 
room temperature the signals coalesce to one peak of four protons at 8 
6.38 (84KGS1683). 

Coupling of the NH signal appears as a result of interaction with the a- 
protons of the A-alkyl group in 4-alkylamino-1,2,4-triazoles (88JOC3978). 

Somei et al. used the chemical shifts in the , 3 C-NMR spectra of N- 
aminopurines to determine the position of amination (78CPB2522). On the 
whole, the chemical shifts in the l 3 C-NMR spectra of A-amino- and Ar¬ 
alkyl-purines are very similar. This is also true with A-aminopyrazoles 
(88CPB3838), A-amino-1,2,3-triazoles (80JHC1127; 89JHC301), and other 
Ar-aminoazoles [80JCR(M)514]. The l 3 C-NMR spectra of l-(A-aryliden- 
eamino)-1,2,3-triazoles have been investigated (88JHC565; 88JHC1161). 
Recently, 15 N-NMR spectra of some A-aminoazoles were reported 
[90JCS(P2)237]. 


4. Mass Spectra 

Mass spectra of A-aminoazoles have not been systematically investi¬ 
gated. From numersous isolated data, one can draw the conclusion that 
the molecular ion for A-aminoazoles appears to be a base peak in most 
cases. The primary fragmentation includes, as a rule, the loss of a fragment 
with mlz 15 (obviously, NH), and the pseudomolecular ion of the azole 
without the amino group is formed. Such fragmentation is characteristic, 
for instance, of almost all A-aminopyrazoles (85LA1732) and 9-aminoxan¬ 
thines (89KGS95). In the mass spectra of 1,3- and 1,5-diaminopyrazoles, 
the (M-16) peak is observed instead of the (M-15) peak; however, it is not 
clear which amino group is responsible for the former fragment (86S71). 
Mass spectra of 1-aroylamino-, 1-ureido-, and 1 -arylideneamino-1,2,3- 
triazoles have been investigated in detail (68TL231; 84JHC145; 
87JHC1461). 
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IV. Reactions 

A. Elimination of N-Amino Group; Its Use as a 
Protective Group 

The /V-amino group is strongly attached to the azole nucleus, and most 
V-aminoazoles are not decomposed on refluxing in acidic or alkaline 
solution. For instance, to separate it from unreacted benzimidazole, 1- 
aminobenzimidazole can be crystallized from 10-15% alkali. Hydroiodic 
acid acted on l-phenyl-4-diethylamino-s-triazoline-3,5-dione to eliminate 
the ethyl groups, but conserved the N-NH 2 bond [Eq. (62)] (01CB2311; 
07CB2093). 


Ph Ph 

oijo ott (62) 

NEt2 NH2 

In spite of the evident strength of a N—NH, bond, there are some rather 
mild methods for eliminating the V-amino group, especially the action of 
nitrous acid or nitrogene trioxide on /V-aminoazoles. This method was 
discovered by the first investigator of V-aminoazoles and was described 
for 4-amino-1,2,4-triazoles (1888JPR531; 07CB815) and 1-amino-l,2,3- 
triazoles (04JPR433; 09CB659) as examples. The reaction occurs ex¬ 
tremely rapidly and readily even at 0-20°C and is accompanied by the 
elimination of nitrosoxide, obviously, as a result of the decomposition of 
the labile N-nitrosamine 259 [Eq. (63)]. 


»«2 n’h " 

vNO 

(259) 

This method was evaluated for all types of N-aminoazoles with equally 
good results. Only if the molecule has the other groups which can react 
with nitrous acid do secondary reactions occur along with deamina¬ 
tion. Thus, under the action of nitrous acid, l-amino-5-hydrazinotetrazole 
gives 5-azidotetrazole (31JPR209), 3,4-diamino-.s-triazol leads to the 1,2,4- 
triazolyl-3-diazonium salt (53JOC218), and 3-aminothiazoline-2-thiones 
(57YZ771) and 4-amino-.v-triazoline-3-thiones (64JOC1174) are converted 



Sec. IV.A] 


N-AMINOAZOLES 


155 


to the corresponding disulfides. Sometimes deamination is accompanied 
by the C-nitrosation of the 7r-excess heterocycle (54CB1385; 90KGS1517). 

As was shown for (V-aminobenzimidazoles, A-aminoazoles are easily 
deaminated by the action of diazonium salts (79ZOR1108). Unfortunately, 
this interesting reaction has been poorly investigated so far. Its value lies 
not so much with deamination but with the formation of aryl azides under 
mild conditions in high yields. Probably, the intermediates in this reaction 
are tetrazenes 260 cleaved (probably, via the N-anion) as shown in Eq. 
(64). 


H-^N-N^N-Ar H 

(260) 

There are examples of intramolecular reactions of this type [Eqs. 65 and 
66 ) [69ZC338; 72JCS(P1) 1842]. 


HNO2 


N-N N-N 

Ph'VM' Ph'S'Sj 

NHC0 2 Et Ftn i“ N 





HN02(2moles) 



HN 02(1 mole) 



(66) 


In spite of the stability of A-aminoazoles towards aqueous alkali, alka¬ 
line solutions in dipolar aprotic solvents often cause the elimination of the 
A-amino group. This process is noticeable in DMF; therefore amination in 
this solvent is reversible and seldom proceeds in good yield (78CPB2522). 
Usually, deamination readily occurs in DMSO, which has preparative 
significance. This was first shown for A-aminoindole (78CPB2522) and 
recently was used to synthesize 2-/m-butyl- and 2-aryl-imidazo[l,2- 
a]benzimidazoles (262) from the more available amines 261. Deamination 
of amine 261 with nitrous acid is complicated by nitrosation at position 3 
(90KGS1517). 
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Another method of eliminating the N-amino group is by thermolysis 
of N-arylideneaminoazoles accompanied by elimination of arylcyanide 
(88KGS1226). The reaction needs rather high temperature, for instance, 
refluxing nitrobenzene. Because of this, it is often accompanied by side 
processes. Under considerably milder conditions, the nitrile elimination 
proceeds by the action of alkali in DMSO. Thus Schiff bases were con¬ 
verted to the compounds 262 at 60-70°C in yelds of 75-80% (90KGS1517). 


COT, 


nh 2 

(261) 


CO, - 


N = CH-<Q-N02 


The N-amino group in N-aminoazolium betaines can be eliminated pho- 
tochemically [Eq. (67)] (72T3987) (see also 70JPR1112; 71TL3187; 
72JPR325). Thermial or acid-catalyzed migration of the N-arylamino group 
to the side chain occurs in similar betaines [83CC627; 89JCS(P1)159]. 


p hv-fl h$ Ph >=-N 
PhO^Ph Ph OJ^>Ph 

"NPh 


(67) 


There are examples of reductive cleavage of an N—NH 2 bond [Eqs. 
(68) and (69)] [64JCS751; 71 JCS(C)3280]. However, it should be empha¬ 
sized that N-aminoindole bases are very stable towards the action of 
reducing agents, and for salts, this process also is not easy. For instance, 
salt 264 is converted to 265 only in 9% yield on heating with excess sodium 
borohydride. The internuclear N—N bond is stable also in N,A/'-diazolyls. 
Thus, ditetrazolyl 230 is hydrogenated by hydrogen with a partial destruc¬ 
tion of one of the hetero-rings and formation of amidine 266, where a bond 
between the amine nitogen atom and the second tetrazole ring remains 
intact (62CB2546). Raney-nickel converts 2,2'-diindazolyl to indazole 
(64JOC1150). 1,1-Dibenzotriazolyl is not cleaved by lithium aluminohy- 
dride [80JCR(M)514], but diquaternary salt 267 gives rise to 1-methyl- 
benzotriazole [85JCS(P 1)1209]. 

The thermodynamic stability of an N—NH 2 bond in combination with 
the ease of amino group elimination create attractive possibilities to use 
this group as a protective function. Characteristic examples of this ap¬ 
proach include the otherwise nearly inaccessable 1,7-dialkylxanthines 269 
(90ZOR1322) and unsymmetrical 1,3-dialkylxanthines 271 (88ZOR1524) 
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SnCl 2 
HCI * 




(68) 


NH 2 

H 2 

^•N^Ph Pt/c 
X' 


nh 2 

x" 

(264) (265) 


(230) _H2_J h Y-(M=C-Ph 
RTC^ NtfN > 


(266) 


Me 



Me 

(267) 


from salts 268 and 270. The presence of the JV-amino group in the latter 
compounds allows one to avoid alkylations at positions 3 and 7 and makes 
the synthesis extremely effective. 






(268) 


(269) 


K* 0 NH 2 

dmf 

Me 

(270) 


R 0 | H2 0 

^ il -1 ) hno 2 SV h n 


Other examples of the same type include the regioselective synthesis 
of 1-substituted 1,2,4-triazoles from either 4-aminotriazole (1) [Eq. (70)] 
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(89JOC731) or 4-acetylaminotriazole (72ZC333) and also from l-methyl-2- 
R-5-phenylimidazoles by a similar route [Eq. (71)] [72JCS(P1)2927], 



B. jV-Aminoazoles as Aminating Agents 

The reason for using A-aminoazoles as the aminating agents is closely 
connected with the problem of elimination of the amino group and with 
the mechanism of the N—NH 2 bond cleavage. Theoretically, N-aminoa- 
zoles can act both as electrophilic [Eq. (72)] and nucleophilic aminating 
agents, and in the latter case, the reaction may proceed, in principal, with 
participation of both the neutral amine [Eq. (73)] and the N-anion [Eq. 
(74)]. 


~V0 == Nu-NH 2 * *0) 


E + H2N-N0 ■ ■ E-NH 2 + + 0) 

6 e-h hn-nP) == h-e-nhOP) —e-nh 2 * -nQ 
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The most natural type seems to be the first reaction, since the N-azolyl 
anions are considered to be good leaving groups. However, there are 
almost no authentic examples of amination by the mechanism. Probably, 
by just such a course, N-aminoazoles with alkali do deaminate in DMSO. 
The single instance of electrophile C-amination using an N-aminoazole is 
found in the deamination of 9-aminoimidazo[l,2-a]benzimidazoles (261) 
by KOH in DMSO. This reaction gives, along with compounds 262 in 
a yield of -15%, 3-nitroso derivatives existing in the oxime form 274 
(90KGS1517). Since the anion 272 does not react with hydroxylamine, a 
reasonable explanation of the formation of 274 consists in transamination 
of the anion 272 by amine 261 followed by auto-oxidation of the anion 
of 3-aminoimidazo[l,2-fl]benzimidazole (273). Easy auto-oxidation of the 
authentic amine 273 under the same conditions supports such an expla¬ 
nation. 



(272) (273) (274) 


The mechanism of nucleophilic amination presented by Eq. (73) seems 
very unlikely at first because of the instability of the azolyl cation and 
the low basicity of the N -amino group in N-aminoazoles. However, the 
previously mentioned formation of arylazides from 1-aminobenzimidazole 
and aryldiazonium salts [Eq. (64)] is concerned, in fact, with such a pro¬ 
cess. Probably, the course of this reaction is governed also by the elimina¬ 
tion of the azolyl fragment as the anion, which is due to the primary 
deprotonation of tetrazene 260. 

Katrizky and co-workers discovered that 4-amino-l,2,4-triazole in 
DMSO solution in the presence of potassium rm-butoxide is the aminating 
agent for the 7r-defficient aromatic substrates, and especially, for nitroar- 
enes (86JOC5039). Thus, nitrobenzene and its 3-substituted derivatives 
were converted to 2-R-4-nitroanilines. Similarly, 4-alkylamino- 1,2,4- 
triazoles were used to introduce the alkylamino groups in various nitroben- 
zenes and nitronaphthalenes (88JOC3978). Taking into account the NH- 
acidity of )V-aminoazoles (cf. Section III,D), one can assume that under 
conditions of the reaction, amine 1 is first converted to the anion; i.e., the 
process proceeds formally by the pathway of Eq. (74). The authors con¬ 
sider this reaction to be a kind of vicarious nucleophilic substitution, since 
the leaving group (4-triazolyl anion) is eliminated from the nucleophile, 
but not from the starting substrate [Eq. (75)]. 
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There are several examples of intra- or intermolecular transfer of the 
N-amino group. Thus, 2-aminoindazolium salt (275), on treatment with 
sodium acetate and acetic anhydride, gives l-methyl-3-acetaminomethy- 
lindazole (276) in ~10% yield along with l-methyl-3-acetoxymethylinda- 
zole (69%) and 1,3-dimethylindazole (9%) (76CPB2267). 

0? CH2NH * AC Qg( CH! “ e 

Me X Me Me 

(275) (276) 

The benzimidazolium N-imines (277), on thermolysis or photolysis, 
rearrange to l-R-2-ethoxycarbonylaminobenzimidazoles (278) (74JH 
C781). Photolysis of similar imines in the triazole series proceeds by a 
slightly different course [Eq. (76)] (70JPR1112; 71TL3187; 72JPR325). 


OX C ° 2E ' — Otfw 2 E, 

r R 

(278) 


NCO^Et 



R 

(277) 



CH2Ph 



"NCOMe 




CH2Ph 

-N 

< A C0NHMe 


(76) 


Some examples of a benzidine-type of rearrangement are known for N- 
arylamines which, to some extent, may be considered as analogues of 
hydrazo compounds. Thus, 1-anilinoimidazole (279), on heating in concen¬ 
trated hydroxhloric acid, is transformed to4(5)-p-aminophenyl derivative 
(280) (70ZC289). 
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(279) (280) 


On the whole, the aminating ability of N-aminoazoles has been insuffi¬ 
ciently investigated, and many problems on both the synthetic and theoret¬ 
ical level await solution. A special interest is the search for a novel aminat¬ 
ing agent based on N-aminoazoles. In this reaction, N-aminoazolium salts 
have the most promise, since these compounds display a higher ability to 
lose their /V-amino group. 


C. Substitution of Hydrogen Atoms in an 
N-Amino Group 

1. Alkylation and Arylation 

There are surprisingly few papers on the alkylation of the N-amino 
group in N-aminoazoles, in spite of the simplicity and synthetic importance 
of this reaction. Due to the low basicity of the amino group under neutral 
conditions, N-aminoazoles, namely, 4-amino-l,2,4-triazoles (71JPR795; 
89JOC731), N-aminoimidazoles [72JCS(P1)2927], N-aminobenzimidaz- 
oles [73JCS(P 1)842; 80KGS814; 83KGS256], and N-aminonaphtho[2,3*f| 
imidazoles (06JPR545) are alkylated and aminated (89S269; 89IZV2654) 
only at the ring nitrogen atom affording the corresponding N-aminoazolium 
or N,N'-diaminoazolium salts. The single known exception is 7-amino- 
theophilline (84), which, on heating with excess methyl iodide in a sealed 
ampoule, gives 7-dimethylaminotheophilline in 25% yield (89KGS221). 

Evidently, for effective alkylation, the N-amino group should be ion¬ 
ized. It is the anion of 1-aminobenzimidazole (281) generated by the action 
of KNH 2 in liquid ammonia that is alkylated by excess methyl iodide to 
give 1-dimethylaminobenzimidazole (282) in a yield of 52% (89KGS221). 
The analogous methylation of the amino group was described for 1-amino- 
3,5-diphenyl-l,2,4-triazoIe, but /i-butyl lithium in tetrahydrofuran (THF) 
was used as a base instead of potassium amide [84JCS(P1)2779], 

BM Qtf — O? 

'NHK* NMe 2 


(281) 


(282) 
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To obtain monoalkyl derivatives, sodium salts of N-aryl- [71 JCS(B) 1648] 
and N-acylaminoazoles are alkylated, then the acyl group is removed. 1- 
Alkylamino derivatives of 6-chlorobenzimidazole (73CC41) and 2-amino- 
4-phenylimidazole (67CB3418) were thus obtained [Eq. (77)]. 

Me 

NHCOMe IslCOMe NHMe 

r-N Me 2 S0 4 n-N H3O* rpN ( 77 ) 

Ph"V A NH 2 oh" Ph A N^NH 2 ~ Ph A N^NH 2 

In a series of papers, N-alkylaminoazoles have been synthesized by 
reduction of the corresponding Schiff bases with the use of sodium boro- 
hydride or lithium aliminium hydride. Thus, for instance 4-alkylamino- 
1,2,4-triazoles [Eq. (78)] (88JOC3978), 3- and 9-benzylaminopurines 
(78CPB2522), 7-benzylaminotheophilline (81MI1), l-benzylamino-2- 
aminobenzimidazole (89KGS209), and 1-alkylaminobenzimidazolones 
(85JHC1089) were obtained. However, on reduction of the Schiff bases 
formed from l-amino-2-alkylthioimidazoles with zinc in acetic acid, cleav¬ 
age of the N—N bond was observed (72CL617; 78BCJ1846). 

_RCOr!_ ijil ,„> 

I /R 1 I /R 1 

N=C NHCH 

R 'R 

Anions of oxo and thio derivatives of N-aminoazoles are. alkylated at 
the ring nitrogen atom and at the sulfur atom, respectively (c.f., 60LA135; 
6IZN767; 84JCS1769). 

Only a single patent reports arylation of N-aminoazoles. 2-(o-Nitrophe- 
nyljaminobenzotriazole was obtained on heating 2-aminobenzotriazole 
with onitrofluorobenzene in DMF in the presence of anhydrous soda 
(65USP3184471). An attempt to carry out such a reaction for 1-amino- 
benzotriazole failed, probably because of the poor NH-acidity of this 
compound. 

2. Acylation 

N-Acylation is one of the most important synthetic methods in the 
chemistry of A-aminoazoles, and is widely used in various heterocycliz- 
ations as well to protect the amino group. There are numerous papers 
devoted to acylation of practically all types of A/-aminoazoles, with the 
exception of N-aminopyrazoIe. As acylating agents, carboxylic acids 
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[alone or in the presence of polyphosphoric acid (PPA)], their anhydrides, 
and their chlorides (usually in the presence of alkali or in pyridine) were 
used. For instance, 1-aminobenzimidazoles, on refluxing in formic or ace¬ 
tic acid, are converted to N-formyl- and N-acetyl derivatives in high yield 
(63JOC736). 

Transacylation occurs when 1-acetylamino- or 1-propionylamino-benz- 
imidazoles are heated with excess formic acid, giving 1-formylaminobenz- 
imidazoles [73JCS(P1)842]. Refluxing 1-aminobenzimidazoles in acetic 
anhydride leads to the formation of 1-diacetylaminobenzimidazoles 
(80KGS814). There are also some data on acylation of 7-aminotheophiline 
with carboxylic acids in PPA (87KGS1398) and acyl chlorides in pyridine 
(81 Mil); of l-amino-u-triazoles with acyl chlorides in alkaline medium 
(09CB659), phthalic anhydride [73JCS(P1)555], and arylsulfonyl chlorides 
(61CB3260); of 1-amino-s-triazoles with acetic anhydride (63CB2750); and 
of 4-amino-s-triazoles with carboxylic acids (09CB2715), anhydrides 
(69JPR897) and arylsulfonyl chlorides (51JA2558; 84JCG797). 

1-Aminotetrazole, under the action of tosyl chloride in alkaline solution, 
yields 1-tosylaminotetrazole; however, on carrying out the same reaction 
with chlorides and anhydrides of carboxylic acids, a characteristic reaction 
for tetrazoles—transformation to 2-acylamino-l,3,4-oxadiazoles—took 
place (60CB850). 

Sodium salts of l-aroylamino-u-triazoles (124) are acylated at low tem¬ 
perature at the oxygen atom, affording isoimides 122. The latter com¬ 
pounds, as already noted, are isomerized on heating to l-(JV,A/-diaroyla- 
mino)-u-triazoles (78JHC1255; 84JHC1653). 

It is also possible to acylate A r -aminoazolium salts, which was dem¬ 
onstrated for 4-amino-s-triazolium (69JPR897), 3-aminothiazolium 
(74CPB482), /V-aminoimidazolium and N-aminobenzimidazolium salts 
(74JHC781). 

In Af,C-diaminoazoles, such as 1,5-diaminotetrazole (69CJC3677) or 7,8- 
diaminotheophilline (87CPB4031, 87KGS1398), the N-amino group is first 
acylated. However, on using excess acylating agent and more severe 
conditions, one can also obtain di-, tri-, and tetraacyl derivatives. The 
mercapto derivatives of /V-aminoazoles, for example, 1-aminoimidazoline- 
2-thione (63LA113) or 4-amino-s-triazoline-3-thiones (86JHC1451), are 
acylated on the (V-amino group. The acylation of l-aminoimidazole-2-ones 
also proceeds on the amino group (64CB1031). For elimination of the N- 
acyl group, hydrolysis in acids, such as hydrochloric, hydrobromic or 
sulfuric, is usually applied. For removing the phthaloyl protecting group, 
hydrazine hydrate is used (72JOC2351; 73CC819). In N,(V-ditosylaminoa- 
zoles, selective removal of one tosyl group is possible under the action of 
sodium methylate [69JCS(C)769]. 
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3. Schiff Base Formation 

The Schiff bases (they may be also considered as specific hydrazones) 
play a great role in the chemistry of N-aminoazoles. In most cases, these 
compounds are obtained by cyclization of a suitable acyclic compound or 
by interaction of an N-aminoazole with carbonyl compounds: aldehydes, 
ketones, or their acetals. Usually the reaction is carried out on heating 
components in acetic acid or in alcohol in the presence of catalytic amounts 
of a mineral acid. The use of /3-dicarbonyl compounds requires more 
drastic conditions. Thus, 1-aminobenzimidazoles (83KGS386) or 7-amino- 
theophiline (87KGS155I) reacts with acetylacetone at 175°C in the pres¬ 
ence of anhydrous zinc chloride, yielding hydrazones of type 283. 


Mey^Me 



Me 

(283) 


As for N,C-diaminoazoles, such as 1,5-diaminoimidazoles (61JCS3816), 
7,8-diaminotheophiline (87CPB4031, 87KGS1398) or 3,4-diamino-j- 
triazoles (34JPR193; 65JHC98; 85MI2; 86MI1; 89JHC1077), reaction oc¬ 
curs only on the N-amino group, even in the presence of excess aldehyde. 
Since formation of Schiff bases is described in almost every paper devoted 
to N-aminoazoles, we cite in this chapter only selected references on 
the main types of N-amino azoles: pyrazoles [86JCS(P1)1249], indazoles 
[75JCS(P1)31], imidazoles (82S592), benzimidazoles (55JCS2326; 
63JOC736; 81KGS1497), 1,2,3-triazoles (09CB659; 87JHC1461), benzotri- 
azoles [69JCS(C)742], 1,2,4-triazoles (09CB2715; 63CB2750; 88JOC3978), 
9-aminopurines (60JA4592; 78CPB2522), 7-aminoxanthines (81 Mil; 
87KGS1551), tetrazoles (60CB850), and thiazoles (59JPR265). 

Schiff bases are readily hydrolyzed on heating with acids; however, 
occasionally, due to their insolubility in acidic medium, hydrolysis can be 
carried out only in aqueous alkali (87K.GS836). 

4. Miscellaneous Reactions 

N-Aminoazoles react with 1,4- and 1,5-dicarbonyl compounds and with 
their masked anologues to afford various N-hetarylazoles. Thus, at the 
beginning of the century, Biilow discovered that 4-amino-1,2,4-triazole, 
on interaction with acetonylacetone and esters of diacetyl succinic acid, 
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gives rise to 4-(pyrrolyl-l)-l,2,4-triazoles (284) (06CB2618, 06CB4106; 
09CB2487). Later, these data were supported (74TL4123), and the method 
was applied to the synthesis of (V-pyrrolyl derivatives of benzotriazole, 
benzimidazole, and 9-aminopurines (78CPB2522). For synthesizing 
N-pyrrolylazoles without substituents in the pyrrole ring, 2,5-diethoxy te- 
trahydrofuran is used [74TL4123; 80JCR(M)514; 85JCS(P1)1209]. N- 
Aminoazoles, for instance, 4-amino-1,2,4-triazole (74TL4123) and 1- 
aminopyrazole [85JCS(P1)1209; 85TL5485], react with pyrylium salts to 
yield /V-azolylpyridinium salts of type 285. 

y 


(284) R=H,C0 2 Me 



R 

(285) R=Me, Ph 


The reaction of 4-amino-l ,2,4-triazole with a-pyrone derivatives 286 and 
287 leads to N-triazolylpyridones 288 and 289 [09CB1990; 85JCS(P1)1209]. 
However, it was not possible to obtain such compounds using 1-aminopy- 
razole and 1-aminobenzimidazole [85JCS(P 1)1209]. 


Cy^Br 


A^COMe 
Me ^0^0 


Me0 2 C' 


iX 


Me^j^NjpMe 


/V,/V-Dimethylformamide azine (290) is a suitable synthon for obtain¬ 
ing /V-triazolylazoles from (V-aminoazoles [Eq. (79)] [80JCR(M)514; 
85 J CS(P 1)1209]. 


(1) + Me 2 NCH=N-N=CHNMe 2 -- (79> 

(290) 


Like all amines, A-aminoazoles are easily added to aryl isocyanates and 
aryl isothiocyanates, yielding /V-ureido- or /V-thioureidoazoles 291. To 
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obtain compounds 291 (X = O), N.N'-disubstituted ureas can be used 
instead of isocyanates (71JPR795). Such reactions were carried out for 
many N-aminoazoles: 4-amino-1,2,4-triazole (09CB2715; 71JPR795), 1- 
aminotetrazole (60CB850), and 4-aminoimidazoles (64CB1031). Interest¬ 
ingly, N-acylaminobetaines 292 take part in such reactions with participa¬ 
tion of the oxygen, but not the nitrogen atom, affording compounds 293 
(71JPR795). 


CH 2 Ph CH 2 Ph 

||| Ar NCO . |Hj + 

"NCOMe W 

Me NAr 

(292) (293) 

N-Aminoazoles, for instance 1, react with nitriles or iminoesters to yield 
amidines 294 (69JPR477; 71JPR768). The latter compounds were also 
obtained on amination of the Schiff bases with potassium amide in liquid 
ammonia (70JPR669). 


(1) RCN/R0 ~ N-N KNH; 

R-C=NH *1 

0r| N.yNH 2 

R 

(294) 

N-Aminoazoles react with the Ph,PBr 2 complex in the presence of mild 
bases to give phosphazo compounds 295, which are transformed to a- 
chlorohydrazones 296 under the action of acylchlorides (88H1935). 


ti 


Het-NH-C-NHR 
(291) X-O.S 


Phy-til Ph 3 P Br 2 Phy-N ArCOCI 
‘'N^SMe E ( 3 n ^N^SMe 

Nh 2 N = PPh3 

(295) (296) 

The N-nitration of 4-amino-l,2,4-triazole, 1-aminobenzimidazole, N- 
aminobenzotriazole [73JCS(P1)2624] and 1,3-diamino-1,2,3-triazolium 
salts (89IZV2654) have been reported. The nitramine products exist in the 
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betaine form 297 . Their stability stands in contrast to the unstable N- 
nitrosoaminoazoles 259 . 

{,) - E -1° N ° 2 . N n-M NH 

EtONa V V 

Na*'NN02 'NNO 2 

( 297 ) 

Another way to introduce substituents at the N-amino group is via 
oxidation to an N-nitrene. Such reactions are discussed in Section IV,D. 


D. Oxidation 

1. General Considerations and Mechanistic Aspects 

Contrary to the majority of other reactions of A/-aminoazoles, oxidation 
reactions only began to be studied much later, approximately from the 
1960s. Since that time, interest has grown, and presently they represent 
one of the most intriguing and synthetically useful types of A/-aminoazole 
conversions. With the help of these reactions, one can effectively generate 
cycloalkynes and arynes, synthesize the difficult-to-obtain 1,2,3-and 1,2,4- 
triazines, A/,A/'-azoazoles, and other important compounds. 

Oxidation reactions of N-aminoazoles can be divided into five types: 

(1) Fragmentation accompanied by nitrogen molecule ejection and forma¬ 
tion of a ring-opened intermediate [pathway a, Eq. (80)] 

(2) Ring enlargement with introduction of the amine nitrogen atom into 
the ring (pathway b) 

(3) Dimerization leading to A/,A/'-azoazoles (tetrazenes) (pathway c) 

(4) Elimination of the A/-amino group 

(5) Other reactions specific to individual A/-aminoazoles. 

Although the oxidation pathway is determined mainly by the nature 
of the azole nucleus, the conditions and the oxidants also have great 
significance. In the first experiments, the oxidant most used was lead 
tetraacetate. It still dominates, but many other oxidants have appeared, 
and they frequently give better results, for instance, nickel perox¬ 
ide, manganese dioxide, potassium periodide, bromine water, and N- 
bromosuccinimide. Reactions with LTA are usually carried out in absolute 
methylene chloride at about 0-20°C, and for neutralization of the released 
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acetic acid, one can sometimes use calcium oxide. In other cases, the 
presence of acid is desirable, and acid is even added to the reaction 
mixture, for instance, to obtain 1,2,3-triazines from 1-aminopyrazoles 
(85JOC5520). Oxidation often proceeds by several parallel pathways. 

Besides the synthetic significance, a second stimulus to investigate oxi¬ 
dation reactions of N-aminoazoles is to study the as yet unclear mechanism 
(84MI1). The center of all the arguments and discussions is the question 
of whether Af-nitrene 298 is formed as an intermediate or does some other 
pathway occur? In spite of the absence of direct proof for N-nitrene 
formation, almost all investigators support on the basis of some oblique 
features the participation of such intermediates. Thus, AAnitrenes can be 
captured by traps, such as alkenes (styrene, methylacrylate, etc.) or 
DMSO (88M1041). In the first case, the corresponding aziridines are the 
products of reaction; the latter case yields sulfoxyimines. For instance, 
on oxidation of the chiral Af-aminobenzimidazole 299 in the presence of 
alkene 300, aziridine 301 is formed as the only stereoisomer with 69% yield 
[86CC832; 87JCS(P 1)2787]. The high stereospecificity of such conversion 
is evidence that N-nitrene reacts in a singlet state. 
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Other evidence to support nitrene formation is the identity of the reac¬ 
tion products obtained when nitrenes are generated by independent meth¬ 
ods. For instance, N-nitrenes of 1,2,3-triazoles can be generated by oxida¬ 
tion of 1-amino-u-triazoles (88M1041), on photolysis of their potassium 
tosylates 2 (134) (64AG144), or by decomposition of unstable lithium salts 
of 1 -(1,2,3-triazole-1 -yl)-4-p-tolylsulfonyl-tetrazenes [72JCS(P 1)1315] [Eq. 
(81)]. In all three cases, the corresponding acetylenes are formed in good 
yield as the result of TV-nitrene fragmentation. 

( 134 ) 
h? 


-- RCHCRl (81) 

R 1^Nh -2N 2 

J -N 2 , -TosNHLi 

As 

Li + 'N-N=N-NHTos 

German chemists investigated the kinetics of the oxidation of 4-amino- 
3,5-diphenyl-1,2,4-triazole in the presence of substituted styrenes and 
other alkenes (74TL2945). The rates of the two competing reactions—frag¬ 
mentation leading to benzonitrile and formation of aziridine 302 [Eq. 
(82)]—were measured. On introduction of donor groups (p-Me, p-OMe, 
etc.) into the molecule of styrene, the k 2 value increased relative to k t 
trans-Alkenes give aziridines more easily than m-alkenes. Such results 
represent more indirect evidence for A-nitrene generation because N- 
nitrenes are electron defficient. 

Ring enlargement requiring intramolecular attack by the nitrene nitro¬ 
gen atom on a neighboring ring atom is especially characteristic of N- 



nh 2 

I n-BuLi 


R Y' n TosN3 

Rl THF 

"NH Li* 


2 Potassium tosylates of iV-aminoazoles including 134 , tosylates of N-aminobenzotriazoIes 
[72JCS(P1) 1315], and N-aminopyrroles (63JA1944; 70TL3851) are stable on thermolysis 
unlike alkylhydrazine tosylates. This is because iV-azolylnitrenes are resonance stabilized 
less than alkylaminonitrenes due to delocalization of the nitrogen electron pair into the 
aromatic ring. 
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Ph A N A Ph 

I 

A 

(302) 


aminoazoles, which have rings with relatively high 7T-electron density (1- 
aminopyrazoles, N-aminoindazoles, 7-aminoxanthines). At the same 
time, this reaction is very rare for N-amino derivatives of the more 
electron-defficient triazoles and condensed imidazoles. However, few 
things are so simple. For instance, oxidation of 1 -amino-2,5-diphenylpyr- 
role, which according to this point of view should easily give 3,6-diphenyl- 
pyridazine, gives the corresponding l,l'-azopyrrole, which decomposes 
at 200°C to yield 2,5-diphenylpyrrole. Similarly, oxidation of N-aminocar- 
bazole with LTA gives carbazole (73%) (70TL3851). 

It was established that on ring enlargement the nitrene nitrogen atom 
can attack not only a neighboring carbon atom, but also a nitrogen atom 
even more easily [86JCS(P 1) 1249]. Oxidation of l-amino-3,5-dimethylpy- 
razole and l-amino-3-methoxyindazole with the N-amino group 15 N en¬ 
riched led to 1,2,3-triazines containing the label only in position 2 [Eqs. 
(83) and (84)]. It would also be interesting to carry out similar investigations 
for such easily ring-enlarged compounds as 1,2-diaminobenzimidazole or 
7-aminotheophiline. 


r-r< Me LTA (83) 

MeV N 'N'' N 

»nh 2 

OMe 

OX*'— <0$. 1811 

*nh 2 

Boulton and co-workers [86JCS(P1)1249] suggested three distinct 
classes of N-nitrenes: 
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(1) Hard nitrenes without a tendency to fragment or to ring enlarge, but 
inclined to be captured by traps. 

(2) Fragmenting nitrenes [pathway a, Eq. (80)]; for these, dimerization 
yielding tetrazenes is a rather characteristic side reaction. They can 
also be captured by traps. 

(3) Rearranging nitrenes. These rapidly enlarge the ring and are seldom 
captured by traps. 

In spite of the usefulness of this classification, its rather approximate 
and even contradictory character should be emphasized. Thus, nitrenes 
generated from 4-amino-s-triazoles and 1-amino-iMxi azoles easily undergo 
a fragmentation; but whereas the former compounds readily yield aziri- 
dines or sulfoximines, the latter ones are practically never captured by 
traps (88M1041). By analogy, 1-aminopyrazoles give 1,2,3-triazines on 
oxidation, i.e., they belong to the third type. At the same time, 1,1'- 
azopyrazoles are formed in noticeable amounts which are typical for ni¬ 
trenes of the second class. However, the most serious problem connected 
with the nitrene classification is concerned with the multipath nature of 
the oxidation reaction mechanism. 

Clearly, in many cases where the formation of N-nitrenes has been 
postulated as intermediates, the process really proceeds by an alternate 
non-nitrene pathway. For example, the mechanism of such an apparently 
simple reaction as the formation of N, A"-diazoles may be presented as 
(1) the result of dimerization of two nitrene particles; (2) interaction of the 
N-nitrene with the starting amine affording a tetrazane followed by its 

(01 

oxidation (R—N + R—NH 2 —* R—NH—NH—R —» R—N=N—R), and 

(3) dimerization of two radicals R—NH, which also yields the tetrazane 
and then the azo compound. 

Tetrazanes could be obtained on cautious oxidation of /V-amino deriva¬ 
tives of some six- and five-membered heterocycles with phenyliodo diacet¬ 
ate [Eq. (85)] (71CC800). The tetrazane products are very unstable and 
easily decompose with nitrogen elimination and formation of deaminated 
NH-heterocycles. Probably, on oxidation of N-aminoazoles, deamination 
occurs via the tetrazane formation. 


Me^ c ^CH2 

PhllOAc); 

0-10°C 


Me. c ^CH 2 H 2 C*- c 'Me 
—N 


■NH-HN' 
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Japanese chemists, on investigation of A-aminopyrazole oxidation, as¬ 
sumed that the formation of 1,2,3-triazines may be presented via intermedi¬ 
ates 303 and 304 [Eq. (86)] based on a nitrene mechanism (88CPB3838). 

—"O 1861 

nh 2 nhx 

(303) (304) 

Compounds of type 303 were isolated by Atkinson and Kelly on cau¬ 
tious oxidation of 3-amino-2-ethylquinazolone-4 [Eq. (87)] (87CC1362). 
N-Acetoxyamino derivative 305 is stable only at temperatures below 0°C, 
and at -40°C it reacts with styrene to give aziridine 307 , supposedly via 
intermediate 306 . These data were interpreted as a proof of the possibility 
of forming aziridines without N-nitrene participation. Notice, however, 
that in principal there is no great difference between the nitrene mechanism 
and mechanisms presented in Eqs. (86) and (87), since if elimination of X 
from 304 and of MeC0 2 ~ from 305 is a little ahead of the following reaction, 
then, in fact, the masked nitrene mechanism is described. 



(306) (307) 


Indirect data suggest that ring enlargement sometimes occurs by a mech¬ 
anism not involving an N-nitrene or by a masked modification, as shown 
in Eq. (86). Thus, a paradox in N-aminobenzimidazole chemistry is that 
whereas 1,2-diaminobenzimidazole and its Bz-substituted derivatives 
give, on oxidation, 3-aminobenzo-l ,2,4-triazines (309, R = H) in high yield 
(77JOC542), l-amino-2-alkylaminobenzimidazoles under the same condi- 
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tions are mainly converted to the corresponding 1,1'-azobenzimidazoles, 
and yield of the 3-alkylaminobenzotriazines (309, R = Aik) is not greater 
than 30% (89KGS1486). 1 -Amino-2-dialkylaminobenzmidazoles, on oxida¬ 
tion, give only unstable tetrazenes and do not form even a trace of 3- 
dialkylaminobenzotriazines. 

Structure changes also dramatically affect the oxidation pathway of 
1-aminobenzimidazolones. Unsubsituted 1-aminobenzimidazolone (310) 
under the action of lead tetraacetate is converted to benzotriazinone 313, 
whereas the only product of oxidation of l-amino-3-methylbenzimidazo- 
lone (311) is tetrazene 314 (89KGS1486). 

It is difficult to assume that /V-nitrenes generated from compounds 310 
and 311 or from 1,2-diaminobenzimidazole will have a different behavior. 
The only structural difference between these N-aminobenzimidazoles un¬ 
dergoing the ring enlargement is the presence of the mobile hydrogen atom 
in the second functional group. Hence, the mechanism of benzotriazine 
formation may involve oxidative elimination of the hydrogen atom from 
the C-amino group, forming diazene intermediates 308 and 312, which 
undergo recyclization (89KGS1486). This mechanism is supported by data 
on electrochemical oxidation of N-aminobenzimidazoles and by the higher 
NH-acidity of the 2-amino group in comparison with the IV-amino group 
(89KGS221). 



The diazene mechanism was accepted by Japanese chemists for the 
oxidation of 1,2-diaminoimidazoles, but only as an explanation of side- 
product formation (78JOC2693). The possibility of a non-A-nitrene path- 
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way of azole ring enlargement is supported by the synthesis of 3-amino- 
s-tetrazines (317) with 95% yield on thermolysis of 4-amino-3-azido-1,2,4- 
triazoles. This reaction probably also proceeds via the diazene intermedi¬ 
ate 316 formed from C-nitrene 315 (66TL5369). 


N 3 


M a . - 


Ah? 


—- rJ\-h\ 


2. N-Aminopyrazoles 

Oxidation of N-aminopyrazoles is the best synthetic method for produc¬ 
ing 1,2,3-triazines and is the only route to producing unsubstituted 1,2,3- 
triazine. The yield of triazine and the formation of side products strongly 
depend on the structure of the N-aminopyrazole and on the oxidant used. 
One can use lead tetraacetate [80CC1182; 85JOC5520,85LA 1732; 86H907, 
86JCS(P1) 1249], nickel peroxide (81CC1174; 85JOC5520, 85LA1732), 
manganese and lead dioxides (85JOC5520), halogens, interhalogens, N- 
chloro- and N-bromosuccinimides (88CPB3838), and sodium and po¬ 
tassium periodates (89H1809). 

For the oxidation of unsubstituted 1-aminopyrazole, the highest yield 
(46%) of 1,2,3-triazine is obtained with sodium periodate, which also 
provides high yields (82-93%) for other triazines (89H1809). 1,2,3-Triazine 
can be obtained in ~20% yield on oxidation of N-aminopyrazole with 
nickel peroxide or lead dioxide in methylene chloride in the presence 
of acetic or trifluoroacetic acid (85JOC5520, 85LA1732); however, these 
results are not always reproduceable [86JCS(P1)1249], As side products, 
cis- and /rans-isomers of N,N'-azopyrazoles are often isolated in yields of 
35-45%. 

Lead tetraacetate gives only traces of unsubstituted 1,2,3-triazine, 
whereas di- and trisubstituted Af-aminopyrazoles are converted to triazines 
in yields of 30-75% by this oxidant [Eq. (88)] (86H907) (cf. 85JOC5520, 
85LA1732). The only exception is l-amino-3,4,5-triphenylpyrazole re¬ 
acting with LTA to afford a mixture of 3,4,5-triphenylpyrazole (63%) 
and tetrazene (18%) [86JCS(P1) 1249]. With halogenating reagents, N- 
aminopyrazoles react differently: chlorine causes deep degradation; iodine 
leads to 1,2,3-triazines in small or moderate yield; bromine usually bromi- 
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nates the pyrazole ring, yielding l-amino-4-bromopyrazoles. The use of 
jY-bromo- and A-chlorosuccinimides gives complex mixtures of products 
(88CPB3838). 



n=1,2 


Both 1- and 2-aminoindazoles are oxidized with LTA to afford benzo- 
1,2,3-triazines 318 in good yield. Only for unsubstituted benzo-1,2,3- 
triazine (318, R = H) is the yield less than 20%, due to its instability 
towards nucleophiles [71CC828;75JCS(P1)31]. l-Amino-3-chloroindazole 
behaves anomalously because it is converted by the action of LTA in 
pyrrolidine to triazene 319 (83CC1344). Another rather unusual reaction is 
the formation of 2,2'-di-indazolyl (69% yield) on refluxing 2-aminoindazole 
with mercuric oxide in butyl alcohol (72JOC2351). An attempt to carry out 
the analogous conversion of 1-aminobenzimidazole failed [81 JCS(P1)403]. 



N-Amino derivatives of condensed pyrazoles 26, 27, 29, and 31 are 
readily oxidized with LTA to the corresponding triazines [75JCS(P1)31, 
75JCS(P1)1747]. 

3. N-Aminoimidazoles 

There are few data on the oxidation of noncondensed A-aminoazoles. 
Manganese dioxide converts 1,2-diamino-4-arylimidazoles into complex 
mixtures of the corresponding 3-amino-1,2,4-triazines (320), 2-aminoimid- 
azoles (321), 1,2,3-triazoles (322), and some open-chain compounds 
(76TL903; 78JOC2693). The yield of 1,2,4-triazines 320 is usually less than 
25%, but on oxidation of l,2-diamino-4,5-diphenylimidazole, it increases 
to 62%. It is assumed that triazines 320 are formed via a nitrene mecha¬ 
nism, whereas for 1,2,3-triazoles 322, the diazene mechanism is postu¬ 
lated. However, the latter may also apply to compounds 320. 
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4 Y»„r^ A, 0 NB! * A '\» 

nh 2 H 

(320) (321) (322) 

Unsubstituted 1 -aminobenzimidazole yields about 5% of l,l'-azo- 
benzimidazole under the action of LTA (86KGS999; 89KGS1486) or ni- 
tronium tetrafluoroborate [73JCS(P1)2624]. If LTA is used, 1-acetylbenz- 
imidazole is formed as a side product. The yield of 1,1 '-azobenzimidazole 
can be increased to 25% by the use of bromine water as an oxidant 
(89KGS1486). The formation of tetrazenes proceeds especially readily on 
oxidation of 2-methyl-, 2-phenyl-, and 2-chloro-l-aminobenzimidazoles 
(89KGS1486). In the latter case, the tetrazene yield reaches 58%, a record 
for (V-aminoazoles. Oxidation of 1,2-diaminobenzimidazoles was dis¬ 
cussed in Section IV,D,1. In the presence of alkenes, N-aminobenzimidaz- 
oles are oxidized to give 1-aziridinylbenzimidazoles [86CC832; 87CC456, 
87JCS(P1)2787]. 

Glover and co-workers synthesized tetrazenium salts 323 in 60-78% 
yield by the action of bromine water on l-amino-3-methylimidazolium 
salts [72JCS(P 1 )2927]. Similarly obtained were the salts of l,l'-azobenz- 
imidazolium [73JCS(P1)842], l,l'-azoimidazo[l,2-a]pyridinium [71JCS- 
(C)3280], 1,1 '-azoimidazo[l ,2-a]pyrimidinium [77JCS(P1)78], and 

7,7'-azoimidazo[2,l-6]thiazolium [74JCS(P1)1137], However, l-phenyl-2- 
aminoimidazof 1,5-a]pyridinium salt is deaminated by bromine, and LTA 
in acetic acid converts the salt into l-phenyl-2-acetylaminoimidazo- 
[ 1,5-a]pyridine-3-one [79JCS(P1)1833]. 



(323) 


4. N-Aminopurines 

In a series of papers, oxidations of 7- and 9-aminoxanthines were investi¬ 
gated. l-Methyl-9-aminoxanthine (105) and 9-aminotheophiline (108) are 
inert towards LTA and many other oxidants. Only by the use of 30% 
hydrogen peroxide were the antibiotics reumicine (324) and phervenuline 
(325) obtained in a yield of about 40%. Bromine in water or in acetic acid 
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converts amines 105 and 108 into 8-bromo-substituted derivatives 326 in 
almost quantitative yield (89KGS95). 



(326) (324) R=H 

(325) R=Me 

Contrary to 9-aminoxanthines, 7-aminoxanthines 327 (R = H) are 
readily oxidized with LTA and other oxidants (Br 2 /H 2 0, HN0 3 /H 2 S0 4 , 
KC10 3 /H 2 S0 4 , HI0 4 , KMn0 4 /H 2 S0 4 , and H 2 0 2 ) to give isophervenulines 
in high yield. This method synthesizes these important compounds best 
(81 MI 1; 83KGS1564; 87KGS1555; 89KGS95,89TH1). Slight modifications 
of the reaction conditions sometimes change its direction. Thus, in contrast 
to bromine water, bromine in acetic acid does not oxidize, but brominates 
7-aminotheophiline. Similarly, nitric acid in acetic acid nitrates 7-amino- 
theophiline at position 8 (89KGS95). 


8, '»vr 

o^n V X R 


. 0 

R 'N J V Nf N 
Me 

(328) R=H, R 1 = Me, Et, PhCH 2 

(329) R-R^ = Me 


The presence of substituents at position 8 strongly affects the ease 
and direction of oxidation of 7-aminotheophilines. Thus, 7-amino-l,3,8- 
trimethylxanthine and LTA gives only 27% 6-azalumazine 329 
(87KGS1555). It was impossible to oxidize 7-amino-8-nitrotheophiline. 
The behavior of 7-amino-8-halogentheophilines (330) is very interesting 
(83KGS1564). On oxidation they unexpectedly give 1,3-dimethyldiazobar- 
bituric acid (333). The reaction probably proceeds via nitrene 331, under¬ 
going stabilization on elimination of the Hal" anion with the formation 
of intermediate 332 in which the isonitrile group is substituted by the 
nucleophilic action of water. 

Similarly, on oxidation, 7,8-diaminotheophiline yields the cyanoimino 
derivative of diazobarbituric acid (335) (89KGS1486). The formation of 
335 is formally on isomerization of dinitrene 334. 3-Aminoisophervenuline 
(329, R = NH 2 ), another potential precursor of the compound 335, is not 
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0<N 



H 2 0 
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Me 'N J V N 
O^N^O 
Me 


(332) 


(333) 


on the reaction coordinate, since it is inert towards LTA. Isolation of 335 
stongly supports the diazene mechanism of ring enlargement on oxidation 
of 1,2-diaminobenzimidazoles (cf. Section IV,D,I). 


Me. 

0 




LTA , 







' C $N 


(334) 


(335) 


5. N-Amino-1,2,3-triazoles 

1-Amino-l,2,3-triazoles, on oxidation with LTA(88M1041) or l-chloro- 
benzotriazole [69JCS(C)I474], undergo fragmentation by elimination of 
two equivalents of nitrogen and by formation of the corresponding acety¬ 
lene [Eq. (81)]. The C 6 —C g cycloalkynes were generated by this method 
(61CB3260; 64AG144). 2-Amino-1,2,3-triazoles are oxidized to give the 
nitrile by elimination of one equivalent of nitrogen [Eq. (89)] (88M1041). 


Pt >N .. 

Ph-VM. 


Ph ">=N LTA 

Ph A' N -h-NH 2 


—-2PhCN * N 2 (89) 
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Of important synthetic significance is the oxidation of condensed N- 
amino-1,2,3-triazoles, first investigated by Rees and co-workers [65CC192; 
69JCS(C)742, 69JCS(C)752, 69JCS(C)1474], They showed that oxidation 
of 1-aminobenzotriazole with LTA and other oxidants leads to dehydro¬ 
benzene, which can be captured by various traps such as tetracyclone to 
yield 1,2,3,4-tetraphenylnaphthalene. In the absence of traps, diphenylene 
and triphenylene are formed in yields of 83% and 0.5%, respectively [Eq. 
(90)]. No other method of benzyne generation produces such a large 
amount of diphenylene. 


Ph 



By this method, 1,2- and 2,3-dehydronaphthalenes [67JCS(C)1276; 
69JCS(C)765], 9,10-phenanthryne [72JCS(P1)634], arynes, and hetarynes 
336, 337 [70JCS(C)583], 338 (70CC1458), and 339 [75JCS(P1) 1747] were 
generated from 1-amino derivatives of the corresponding 1,2,3-triazoles. 



OMe 0 Me Ph 


(336) (337) (338) (339) 

Diamine 340 was used as a synthetic equivalent of the hypothetical 1,4- 
benzodiyne (86JOC979). Its oxidation in the presence of furan gave rise 
to diendoxide 341 with 79% yield, isolated as a mixture of syn- and anti¬ 
isomers. 
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(340) (341) 


Japanese chemists, on oxidation of l-amino-5-phenyl-l,2,3-triazolo[4,5- 
*/]-1,2,3-triazole (342), obtained tetrazine 343 with 81% yield (88CC1608). 
This is not only the first representative of 1,2,3,4-tetrazines, but also the 
first example of the ring enlargement on oxidation of /V-aminotriazoles. 
Probably, the reason for this involves the known instability of five- 
membered hetarynes, which lower the activation energy for the N-nitrene 
rearrangement relative to that for the fragmentation. 

Ph-TO ™-!^0 

nh 2 

(342) 043) 

The difficulty with the formation of a five-membered aryne is, most 
probably, the reason for the anomalous course of oxidation of /V-aminotri- 
azoles 344 and 345, leading to cycloheptatriene derivative 347. Suppos¬ 
edly, the precursor of the latter compound is the unstable tetrazine 346 
(85TL335). On the other hand, amine 148, on oxidation, gives 4,5-dehydro- 
tropone 348, which can be captured (75AG742). 




CN 

(346) 



CN 

(345) 


OyCN 00 

CN 


(347) 


(348) 
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There is a single example of the oxidation of an A/-amino-1,2,3-trazoles 
to a tetrazene. Under the action of bromine water on l-amino-3-methyl- 
benzotriazolium salt, bisquatemary salt 349 was obtained in 59% yield 
[74JCS(P1)1792], 



(349) 


Many papers are devoted to the generation of 1,8-dehydronaphthalene 
(350) from l-aminonaphtho[l ,8-<7,e]triazine (240). It was shown that 350 
has a singlet biradical structure and does not give a dimer [65CC193; 
69JCS(C)760]. To capture this compound, benzene [69JCS(C)760], acety¬ 
lenes [69JCS(C)769], dienes (75JA681), carbon disulfide [81JCS(P1)413], 
diphenyl disulfide (83TL821), and TV-sulfinylaniline [83CI(L)679] were 
used. Equation (91) presents some synthetic opportunities. 


o 



6. Other N-Aminoazoles 

There are few data on the oxidation of other Af-aminoazoles. 4-Amino- 

1.2.4- triazoles, on oxidation with lead tetraacetate, give fragmentation 
products in high yield, namely, nitrogen and the corresponding cyanides 
(70TL3851; 72TL2899; 74TL2945; 88M1041). From 4-amino-3,5-diphenyl- 

1.2.4- triazole [Eq. (82)] and 4-amino-l-R-3-phenyltriazoline-5-ones 
(80JHC1691), the Af-nitrenes can be captured by alkenes. Unsubstituted 
4-amino-1,2,4-triazole and its 3,5-dimethyl derivative give hotter nitrenes, 
which fragment completely even in the presence of traps. An attempted 
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intramolecular capture of an N-nitrene, on oxidation of N-amines of type 
351, also failed. At the same time, on oxidation of 3,5-dimethyl- and 3,5- 
dipheny 1-4-amino-1, 2,- 4-triazoles with potassium bromate in acidic me¬ 
dium, Glover and Rowbottom obtained 4,4'-azotriazoles 352 in moderate 
yield. On oxidation of l-methyl-4-aminotriazolium salts with bromine wa¬ 
ter, biscations of 4,4'-azotriazolium (353) have been synthesized 


[74JCS(P1)1792]. 

Me Me 

h|-N N-N N-N 

R-Vr R'V'^R 

N-N* + N—N 

R-^N^R R'^N'S? 

II 

7 

N = N 2X" 

(351) (352) 

(353) 


Under the action of chlorine on l-amino-5-aryltetrazoles in alkaline 
medium, Stolle obtained compounds he described as 1 ,l'-azotetrazoles 
354 (33JPR1). These results need reinvestigation. If confirmed, compounds 
354 will be the first known tetrazole tetrazenes. 



1354) (355) (356) 

3-Aminobenzoxazolinone (256), on oxidation with LTA, gives a nitrene 
that is easily captured by alkenes with a stereospecific addition. For in¬ 
stance, cis- and /rans-2-butenes gave steroisomers 355 and 356, respec¬ 
tively (60-70%) [69JCS(C)772; 70JCS(C)576] (see also 69JCS(C)778). 


E. N-Aminoazoles in Cyclization Reactions 

N-Aminoazoles are a very convenient source of various heterocyclic 
systems having a nitrogen bridge atom. This is because both the A-amino 
group, on one hand, and the ring carbon or nitrogen atom as well as 
side functional groups, on the other hand, take part in cyclocondensation 
reactions. As a rule, they begin with the Af-amino group, and the intermedi¬ 
ate product (for instance, the Schiff base) can be often isolated. Only in a 
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relatively few cases, at the final stage of a new ring closure, does the attack 
of the A-amino group by the side function occur. 

A-Aminoazoles can react as dipolarophiles in cycloaddition reactions 
that lead to the annelation of new hetero-rings. These conversions are 
discussed at the end of Section IV,E. 


1. Cyclizations from N-Amino Group on Ring Atom 

In terms of the electronic requirements of the reagents, these reactions 
can be divided into two general types. One is presented by structures 
357-359, and the other is presented by structure 360. In the reactions of 
the first type, the ring carbon atom (as in 357) or the aza group (as in 358) 
possesses an effective negative charge; the other component necessary 
for cycloaddition is a bifunctional electrophile. A-Aminoazoles having a 
pronounced electron-difficient character (for instance, A-aminobenzimid- 
azoles) often take part in such conversions. It is supposed that in such 
cases, preliminary deprotonation of a C—H bond occurs with participation 
of the carbanion 359 (or ylid). 

As bifunctional electrophiles, 1,3-dicarbonyl compounds are often used. 
In these cases, A-aminoazoles are built up by the pyridazine (as in 357) 
or by the 1,2,3-triazine (as in 358) cycle. The use of other bifunctional 
electrophiles allows the types of annelated rings to vary. The bifunctional 
electrophile can be replace by two monofunctional ones, for instance, by 
aldehyde and nitrile, which are sequentially introduced into the reaction. 




,'=yH _ H + ,^© 


. -.gp.fr r 6- 


(360) 
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The second general type of cyclocondensation reactions is the interac¬ 
tion of N-aminoazoles with bifunctional electrophilic-nucleophilic syn- 
thons. Evidently, the ring carbon atom in such heterocyclic substrates 
must carry an effective positive charge. Since loss of a hydride ion is 
unfavorable, thio- or alkylthio derivatives of N-aminoazoles 360 are usu¬ 
ally used. 

a. With Bifunctional Electrophiles. The first cyclocondensation reac¬ 
tion of an N-aminoazole was the interaction of 4-amino-1,2,4-triazole with 
acetyl- or benzoylacetone, yielding triazolo[4,3-fo]pyridazine derivatives 
361 (09CB2209). With acetoacetic ester or its derivatives, amine 1 gives 
only 8-hydroxy derivative 362 (09CB2594). Kost and Gentz argued in favor 
of the 6-hydroxy structure (58ZOB2773); however, 362 has been supported 
by independent syntheses (62ACS2389, 62BSF355). Many other com¬ 
pounds of type 362 have been obtained (59JA6289; 61FRP1248409; 
68T2687; 70JPR780). 

m-u RC0CH(R 1 )C0 2 Et ()) RCOCHlR^COMe n _n 

if OH 

I^R 1 A-yUl 

R Me 

(362) (361) 

4-Amino-1 -alkyl-s-triazolium salts, on condensation with acetoacetic es¬ 
ter and its derivatives, give mesoionic triazolopyridazines 364 (73JPR97). 
The reaction needs a base for the generation of ylid 363. 


H'T + R 1 C0CH(R 2 )C0 2 Et 
i X‘ 

NH2 


N C0 2 Et 
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(364) 
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Condensation of 1-amino-1,2,3-triazoles and 1- and 2-aminobenzotri- 
azoles with 1,3-diketones in acidic medium proceeds with participation of 
the ring nitrogen atom and gives triazinium salts 365-367 (81UKZ76). It 
was reported that 1-amino-1,2,3-triazole, on heating with acetoacetic ester, 
gives pyridazine 368; however, these data probably need reinvestigation 
(52MI2). 


OyF 

OXf 

ho-v^n-n 

x 

R-ki-RZ 

v 

R 

Rl 

Me 

(366) 

(367) 

(368) 


The interaction of proton salts of l-amino-2-R-4-phenylimidazoles with 
/3-dicarbonyl compounds occurs at position 5, yielding imidazo[l ,5-/>]pyri- 
dazines 369, even when an amino or mercapto group is at position 2 of the 
imidazole ring (74KGS846; 79LA639; 88UKZ612). 1-Aminobenzimidazole 
condenses with acetylacetone in the presence of anhydrous zinc chloride 
to afford 2,4-dimethylpyridazino[l,6-a]benzimidazole (370) (83KGS386). 



R3 

(369) (370) 


The reaction of l-amino-3-methylbenzimidazolium salts with /3-dicarbo¬ 
nyl compounds is interesting (83KGS256). Thus, l-amino-3-methylben- 
zimidazolium iodide reacts with acetylacetone in aqueous potassium car¬ 
bonate to yield, via the Schiff bases 371, approximately equal amounts of 
pyridazino[l ,6-a]benzimidazolium salt (374) and pyrazole derivative (375). 
If a methyl group is in position 2 of the initial salt, the only product is the 
pyrazole corresponding to 375. In DMF/K 2 C0 3 , l-amino-3-methylbenzim- 
idazolium iodide with acetylacetone gives only salts 374. Formation of 
compounds 374 and 375 can be explained as a result of competition be¬ 
tween ylid 372, which gives on cyclization a pyridazinium salt, and betaine 
373, which converts to a pyrazole. Obviously, the presence of a substituent 
at position 2 of the imidazole ring makes the former course of reaction 
impossible. 
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Me Y-YO 

N Me 

- — 

Me X 

"•JTS, 0 

file 

Me VrVO 

file 


(371) 

(372) 

1 

(373) 

I 



L 

03r"' 

Me 

1 

Me 

^=r Me 

^yN^COMe 

^'NHMe 


(374) 


(375) 


2-Amino-l-methylindazolium salt reacts with acetylacetone differently 
in comparison with N-aminobenzimidazolium salts [Eq. (91)] (76CPB2 
267). This is explained partly by the decreased CH-acidity of the pyrazole 
ring and partly because the product of the primary cyclization (376) is 
not stabilized by ring opening, but is aromatized by the oxidant to pyraz- 
olo[l,5-6]indazole (377). 


Of*- 


(MeC0)2CH2 

OH" 



_ f -COMe 

UWir'Me <91) 


(376) 


(377) 


Chloroacetylacetone and ketene 378 are other bifunctional electrophiles 
investigated in cyclizations with 1-aminopyrazoles [Eq. (92)] (78TL1291; 
83H1271). 


COCl 


^COMe 


(MeC0)2CHCI 

(R=H) 



NH2 


PhC=C=0 

(376) 


(R=H,Cl) 



(92) 


More complicated examples of cyclocondensation are reactions where 
N-aminoazole reacts sequentially with two monofunctional electrophiles, 
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although the process looks like the action of one bifunctional electrophile. 
Thus, l-amino-3-alkylbenzimidazolium salts, on heating with aromatic 
aldehydes in DMF, along with the expected Schiff bases (379) gives 1,2,4- 
triazino[l,6-a]benzimidazole derivatives (380) (86KGS346). Obviously, 
some of salt 379 eliminates a molecule of aryl cyanide, which reacts further 
with ylid 381 formed in situ. 



N=CHAr 



Aik 


(379) 


N=CHAr 

# — — 
Aik Aik Ar 

(381) 


ao #r 


(380) 

| - AlkH 



Becker and co-workers synthesized l,2,4-triazolo[3,4-/]-l,2,4-triazines 
382 and 383 by cyclization of amidines 294 with ortho-esters or diethyl 
carbonate (69JPR646; 70JPR669). 


o rfjlsee&BMi M2C0.tr? _l_ y v 

i!i-Jn R 0 i^nhco 2 r 2 

R R R 

(382) (383) 

b. With Bifunctional Amphoteric Synthons. As already mentioned, 
such heterocyclizations require a good leaving group, usually the alkylthio 
group, at the a-carbon ring atom. Characteristic examples are the interac¬ 
tion of 4-aminotriazolium salts 384 with malonic ester and other active 
methylene compounds in the presence of bases (85H641). These reactions 
first lead to the methylene bases 385, which are cyclized to pyrazolo[l,5- 
c]-l,2,4-triazoles (386) by mineral acids. If the initial methylene com¬ 
pounds do not possess a high CH-acidity (for instance, if R' = CONH 2 or 
CONHNH 2 ), the yield of 386 falls to 20-30%, and tricyclic tetrazines 387 
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are additional products of the reaction as a result of interaction of two 
molecules of the salt 384 (73JPR1131; 85H641). 

Similar behavior towards methylene-active compounds is found for 3- 
amino-3-alkylthiothiazolium (87H1323) and l-amino-2-alkylthiobenzimi- 
dazolium salts (90KGS1689). 


N —N + RlCHoCN N-n 

R-VsMe ' 

NH 2 x ~ NH 2 CN 


N-N 

■ r-^n-Vr 1 

^nh 2 


NyN^p 


As shown in Eq. (93), aryl cyanides can also play a role as bifunctional 
synthons in similar conversions that lead to annelation of the 1,2,4-triazole 
ring (83S415; 85BCJ735, 85H2613). 




MeS A N^Me 

NH 2 


JH 

MeS A N / Sg 


ArCN/OH" 
2 hrs. 


N-Sy-NH 2 


"MeS^N^SMe - MeS^N^u 
NH 2 N^ Ar 


Reaction of thio- and alkylthio derivatives of A^-aminoazoles with aryl 
isothiocyanates leads to annelation of a 1,3,4-thiadiazole or a 1,2,4-triazole 
ring. Thus, 4-amino-3-methyl-l,2,4-triazoline-5-thione, on reaction with 
aryl isothiocyanates under mild conditions, gives products of addition 
(388), which on heating are transformed to 2-arylaminotriazolo[3,4-/>]thia- 
diazoles (389) (83S411; 87JHC1173). 


N-NH ArNCS N-NH N-N 

le^N^S 20 "c Me^N^S DMF Me^N^ 
NH 2 


HNvps-S 

NHAr 



(388) 


(389) 


(390) 
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A similar reaction that yielded salt 390 was described for 3-amino-2- 
benzylthio-4-phenylthiazolium bromide (88S729). However, in the case of 
4-aminotriazolium salt 391, the course of cyclocondensation was different 
[Eq. (94)] (84TL5427; 86T2121). 

l-Amino-2-methylthio-4-phenylimidazole reacts with alkyl- and aryli- 
sothiocyanates, giving rise to derivatives of imidazo[ 1,2-6][ 1,2,4]thiazole 
(89S843). 


Me Me Me 

+ ArNCS, g-N + Mel . f (94) 

MeS^N^SMe MeS^ipNAr MeS^^Ar 

NH 2 ^S" N-^SMe 

(391) 

The use of diarylcarbodiimides as bifunctional amphoteric synthons also 
leads to annelation of the 1,2,4-triazoles ring. A typical example is the 
conversion of A-aminoimidazole 392 to imidazofl ,2-6] triazoles 393 
(88H161). Similarly, triazolo[4,3-6]triazoles 394 have been synthesized 
from 4-amino-A-triazoline-5-thiones [68JCS(C)2099; 88H161], 



NHAr 

(393) (394) 


Instead of diarylcarbodiimides, one can also use diarylthioureas in such 
conversions. However, in this case, preliminary activation of the A-amino 
group is necessary, for instance, by its transformation to the phosphazo 
group [Eq. (95)] [88JCS(P1)2667], 

Me Me Me 

1951 

I^pph3 N-yNHAr N ^NHAr 

NHAr 

2. Cyclization of an N-Amino Group onto a Methyl Substituent 

A-Aminoimidazolium and A-aminothiazolium salts (395) containing a 
methyl group at position 2, on heating with anhydrides in the presence of a 
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base, are cyclized to yield acyl-substituted imidazo[l ,2-/>]pyrazoles (398a) 
and pyrazolo[5,l-/>]thiazoles (398b) (74CPB482). l-Amino-2-methyl-3-R- 
benzimidazolium (74CPB482; 80KGS814) and 1-amino-2,3-dimethylperi- 
midinium (80KGS93) salts also take part in analogous conversions. In 
these reactions, methylene anhydrobases 396 may be formed as intermedi¬ 
ates, which further undergo acylation and cyclization. The appearance of 
an acyl group in the final product is probably connected with acylation of 
the first formed pyrazoloazole 397, a conclusion supported by special 
experiments on acylation of 397. One can imagine formation of 398 as the 
result of cyclization of diacyl-substituted methylene anhydrobase, a less 
likely prospect. 



(395) 


f ^2 

[j—N (RC0)?0 
k 'Z A CH 2 

(396) 


nh 2 

^CHCOR 


-GW. 

(397) 



COR 


(398a) Z=NCH 2 Ph 
(398b) Z=S 




'Ph 


(399) 


l-Amino-2-phenacylpyrazolium mesitysulfonate, obtained on amination 
of 1-phenylpyrazole with MSH, is cyclized to mesoionic bicyclic com¬ 
pound 399 on treatment with KC0 3 (78TL1291). 

3. Cyclizations of N-Amino Groups onto Amino and 
Hydrazino Substituents 

Most information on cyclocondensation reactions of /V-aminoazoles is 
concerned with vicinal N.C-diaminoazoles. In most cases, reactions were 
carried out with various carbonyl-containing compounds: carboxylic acids 
and their derivatives, aldehydes and ketones, 1,2- an 1,3-dicarbonyl com¬ 
pounds, etc. Depending on the structure of these synthons, cyclocondens¬ 
ations lead to the formation of five-, and six- or seven-membered hetero¬ 
cycles. 
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a. With Carboxylic Acids and their Derivatives. 3,4-Diaminotriazoles 
400, on heating with anhydrides or acid chlorides, are converted to 1,2,4- 
triazolo[4,3-b]triazole derivatives (401) (50JCS614; 62LA148). As side 
products, diacetyl derivatives of the initial diamine 402 are sometimes 
formed. 


N-N R 1 COCt N-N N-N 

R^N ^NH 2 R A N_NH + R^N^NHCOR 1 

NH2 ,!|— St 1 JlHCOR 1 

(400) (401) (402) 

The most obvious channel to cyclization is acylation of the A-amino 
group (cf. Section IV,C,2), followed by using closure in the case of N- 
monoacylamino derivatives. The latter compounds are often isolated and 
then cyclized on heating with various dehydrating substances (PPA, 
POCl 3 , etc.). A characteristic example is shown in Eq. (96) (70CB2845, 
70CB3533). 


NHCOR 

Ph 'r—N PQCI; 
Rl ^N' A NH2 * 


Pb'r-N-N 
r1 -V^n^r 


(96) 


At the same time, it was not possible to cyclize 7-acylamino-8-amino- 
theophilline, even on long-term heating with anhydrides acid or in PPA 
(87KGS1398). The cyclization of l-acylamino-2-aminobenzimidazoles 
(403) proceeds not by a simple course. Ho and Day described products, 
formed on refluxing 403 in acetic or benzoic anhydride, as l-acyl-2- 
R-triazolo[l,5-a]benzimidazoles (404) (73JOC3084). However, reinves¬ 
tigation showed that, in fact, the compounds are 4-acyl derivatives 
(407) (89KGS209). Probably, cyclization proceeds via salt 405 and then 
via imine 406. 

Theoretically, compounds 404 could be formed on cyclization of 1,2- 
bis(acylamino)benzimidazole. However, such diacyldiamines, as a rule, 
are not cyclized (73JHC947). The only example is the synthesis of 2,3- 
dimethyltriazolo[l,5-a]benzimidazole (410), on heating compound 408 in 
PPA (88KGS1070). Although 1,2-diaminobenzimidazole is easily cyclized 
into 2-R-triazolo[l,5-a]benzimidazoles, on refluxing with anhydrides 
(R = Me, Ph) (73JOC3084; 89KGS209), by contrast, l-amino-2-alkylami- 
nobenzimidazoles 411 are not cyclized under the same conditions 
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COR 



(404) 


NHCOR 



(R 1 C0) 2 0 


(403) 


IH 2 
COR' x' 




(407) 


NHCOR 



(406) 


(88KGS1070; 89KGS209). Only on refluxing l-amino-2-methylaminobenz- 
imidazole (411, R = Me) in formamide or in a mixture of HC(0Et) 3 /Ac 2 0 
was it possible to obtain 409 in moderate yield. 


OAc< 



Me 

(409) R= H (411) 

(410) R=Me 


Using formamide is especially good for obtaining unsubstituted triaz- 
olo[l ,5-a]benzimidazole (412) and its 4-R derivatives (413) from 1,2-diami- 
nobenzimidazole and 1,2-diamino-3-R-benzimidazolium salts, respec¬ 
tively (89KGS209). It was not possible to synthesize 1-substituted 
triazolo[l ,5-a]benzimidazoles, for instance, 415 from l-benzylamino-2- 
aminobenzimidazole (414). The only products of the reaction were diacyl 
derivatives of the initial diamine (89KGS209). 



NHCH 2 Ph CH 2 Ph 


(412) R= H 

(413) R= Aik 


(414) 


(415) 
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Cyclization reactions leading to the corresponding condensed 1,2,4- 
triazoles have also been carried out for 2,3-diaminothiazolium, benzothia- 
zolium (73JHC947; 74JHC459), naphtho[l,2-<f]thiazolium (84JHC1571; 
87JHC1729), and 1,3,4-thiadiazolium salts (79CPB2521). It was shown 
(73JHC947) that, for instance, the cyclization of 1,2,4-triazole proceeds 
especially readily if the initial compounds are 2-acylaminothiazolium salts 
(416) heated above melting points, or better yet, in PPA. Interestingly, 
unlike 416, neutral acylamine 418 are not cyclized on thermolysis because 
of the less reacting carbonyl carbon atom. 

NH2 NH 2 

MesS03 

(416) (417) (418) 

b. Oxidative Cyclization of Schiff Bases. On heating in nitrobenzene, 
l-arylideneamino-2-methylaminobenzimidazoles (419) undergo oxidative 
cyclization, affording 421 in yields of 20-30% (88KGS1226). Low yields 
are explained by elimination of the 1-substituent with formation of 2- 
methylaminobenzimidazole and arylcyanide. Under the same conditions, 
l-benzylideneamino-2-aminobenzimidazole (420) quantitatively loses 
benzonitrile to yield 2-aminobenzimidazole. Attempted cyclization of 420, 
under the action of cupric acetate (77JOC542), and of 7-benzylideneamino- 
8-aminotheophilline with Mn0 2 and nitrobenzene (87KGS1398) failed. 

N=CHPh 

O^HR^T^ C^"A>h + O^NHR* PhCN 

Me 

(419) R=Me (421) 

(420) R-H 

4-Amino-3-hydrazino-l,2,4-triazoline-5-thione (422) under the action of 
aldehydes readily gives unstable products 423, which readily air oxidize 
to the deeply colored tetrazines 424. This reaction was suggested as a 
sensitive method for determining aldehydes (70CC1719). 

HN—N RCHO HN-N 0 2 HN-N 

S <L f|T^HNH 2 S^N^NH S^n \ 

NH 2 HlilxNH lilyN 

R H r 

(423) 


(422) 


(424) 
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c. With 1,2-Dicarbonyl Compounds. Vicinal N.C-diaminoazoles 
easily take part in acid-catalyzed condensation with 1,2-dicarbonyl com¬ 
pounds: glyoxal, ketoaldehydes, diketones, ketocarboxylic acids, ortho- 
quinones, isatin, etc. Occasionally, monooximes of ketoaldehydes and N- 
acylamino-C-aminozoles are used in these reactions. Condensations, as 
a rule, proceed in good yield and lead to annelation of the 1,2,4-triazine 
ring. A typical example is the synthesis of imidazo[2,l-b]-l,2,4-triazines 
(425) from 1,2-diaminoimidazoles (70CB3533; 73KGS1190; 74JHC327; 
82KGS236, 82KGS242). 

P rX?W r1 c °cor 2 ^ rXK 

nh 2 i^Y^R 2 

R 1 

(425) 

Analogous reactions were carried out with 1,5-diaminoimidazoles 
(74BSF1453), 1,2-diaminobenzimidazoles (73JOC3084; 77JOC542; 79H1 
001; 84ZOR1345; 85KGS1402; 87KGS533; 88KGS1070), 7,8-diaminotheo- 
philline (87CPB4031, 87KGS1398; 88JHC791), 1,5-diaminopyrazoles 
(86S71), 1,5-diaminotetrazoles (88JOC5371), 2,3-diaminothiazolium salts 
(67ACH385), and 3,4-diamino-1,2,4-triazoles (50JCS614, 50JCS1579; 
52JCS4817; 54JA619; 64BEP642615; 64CB2179; 67ACH385; 69BSF2492; 
73UKZ1040; 77JOC1018; 79JHC1393; 80UKZ1092). 

If R 1 ± R 2 in the initial a-dicarbonyl compound, the formation of 
two isomeric triazines is possible. Thus, 3,4-diamino-i-triazoles 171 react 
with arylglyoxals, yielding a mixture of 426 and 427, where the 7-aryl- 
substituted derivatives 427 prevail (79JHC1393). The latter are the only 
products in the case of phenylglyoxal oxime. Thus, the aldehyde group 
of aryl glyoxals reacts predominantly with the N-amino group of 3,4- 
diaminotriazole. However, the product of interaction of l-acetylamino-2- 
amino-4-phenylimidazole with phenyl glyoxal was described as 428 on the 
basis of IR spectal data (70CB3533). 



(426) (427) (428) 


Products of the interaction ofN.C-diaminoazoles with a-ketocarboxylic 
acids were described by most investigators to be structures of type 
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429 (67ACH385), 430 (64FRP1379480; 67ACH385; 69BSF2492), or 431 
(73JOC3084; 85KGS1402; 87KGS533; 88KGS1070). In this connection, 
structure 432 describing products of interaction of a-ketocarboxylic acids 
with 1,2-diaminoimidazoles (74JHC327) is doubtful. 



N-N 

ocCC 

'V, 

Me 

V 0 

H 

0 

(429) 

(430) 

(431) 

(432) 


d. Withl ,3-Dicarbonyl Compounds and a, /3-Unsaturated Ketones. In 
an acidic medium, acetylacetone and other 1,3-diketones are condensed 
with N, C-diaminoazoles to yield 1,2,4-triazepines, as does compound 433 
in the case of 1,2-diaminoimidazoles (83ZOR433). Analogous compounds 
were also obtained from 1,5-diaminoimidazoles (74BSF1453), 1,2-diamino- 
benzimidazoles (88T7185), 1,5-diaminotetrazole (84KGS1683), and 7,8- 
diaminotheophiline (88JHC791). In the latter case, one can isolate the 
intermediate Schiff base, which is cyclized to the corresponding triazepine 
on heating with PPA. 



(433) (434) (435) 


1.2- Diaminoimidazoles react with aceto- and benzoylacetic esters to 
afford triazepinone 434 (79LA639). Analogous products (435) are obtained 
under the same conditions from 3,4-diamino-s-triazoles (70AP709; 
74JHC751; 75CSC317, 75JHC661; 85MI1), although they were first de¬ 
scribed by a mistaken structure with the oxo group at position 6 (70AP709). 
1,5-Diaminoimidazoles (78JHC937) and 1,2-diaminobenzimidazoIes (84 
KGS700; 88T7185) react with acetoacetic ester and its derivatives with 
complications. 

1.2- Diamino-4-phenylimidazole reacts with aromatic a,/3-unsaturated 
ketones in an acidic medium to yield triazepines 436 (83KGS93). If the 
reaction is carried out in alkaline medium with benzylidene acetophenone. 
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imidazo[l,5-b]pyridazine derivative (437) is also formed in small amounts 
(88UKZ612). Interestingly, the formation of 436 also occurs on heating 
1,2-diamino-4-phenylimidazole with aryl methyl ketones (84KGS1396). 
Probably, the latter compounds in this case undergo self-condensation to 
a,/8-unsaturated ketones, and those react further with diamine. The reac¬ 
tion of 1,2-diaminobenzimidazole with a,j8-unsaturated ketone is dis¬ 
cussed in Section IV,E,5. 


“flU 




(436) (437) 


e. Other Types of Cyclizations. 1,2-Diamino derivatives of imidazole 
and benzimidazole interact with thionyl chloride in pyridine or with sele¬ 
nium dioxide in ethanol to yield unstable heteropentalenes 438 
(81JOC4065). Carbon disulfide converts these diamines in alkali into imi- 
dazo[l,2-/?]triazoline-2-thiones (439) (70CB3533). 



(438) Z=S, Se (439) 


7,8-Diaminotheophillines (440) undergoes an unexpected transformation 
on heating with acids. Tetracyclic compound 441 is formed in 74% yield 
(87CPB4031, 87KGS1398) (in the latter paper this compound was de¬ 
scribed as an isomeric structure with unsymmetrical location of the C=0 
groups). Perhaps under the reaction conditions, diamine 440 is partially 
decomposed to afford dimethylalloxane 442, then reacts with the latter 
compound to yield 441. This proposal was supported by the synthesis of 
441 from alloxane and diamine 440 (87CPB4031). However, an alternative 
mechanism of formation of 441 was described (87KGS1398). 

On heating in alkaline solution, the bisoxalyl derivative of 3,4-diamino- 
s-triazole (443) is cyclized to triazolo[3,4-6]-l,2,4-triazine-6,7-dione (444) 
(70AP650). 
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h 3 o* 


(440) (441) 

I I (440) 


0 

Me^ N A _ 0 

O^N^O 

Me 

(442) 


N-N N-N a N-N 

R^N^NHCOCOHN 0H ' R^N^NH 

nh 2 NH 2 hn Y^O 

0 

(443) (444) 

Equation (97) illustrates examples of cyclizations with participation 
of the A/-amino group and a more remote amino group in a side chain 
[72JCS(P1) 1842]. 



0^nV a nh 2 



|-W (EtO)3CR' 
'IpR “* 



R< COR2 


qS* 


(97) 


4. Cyclizations of N-Amino Groups onto Mercapto and 
Hydroxy Groups 

Almost all such cyclizations were carried out with a-thio derivatives of 
4-amino-s-triazole and 1-aminoimidazole. As cyclizing agents, two groups 
of compounds were mainly used: (1) carboxylic acids and their derivatives, 
and (2) a-halogenocarbonyl compounds. In the former case, annelation 
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takes place to give a 1,3,4-thiadiazole ring; in the latter case, a 1,3,4- 
thiadiazine ring is constructed by annelation. 

The interaction of 4-amino-1,2,4-triazoline-3-thiones (198) with carbox¬ 
ylic acids (73JHC387; 82JIC769; 87JHC1173) or with their acid chlorides 
(56YZ1133; 57CPB385; 87JPS395) in the presence of phosphorus oxychlor¬ 
ide leads to l,2,4-triazolo[3,4-6]-l,3,4-thiadiazole derivatives (446). The 
intermediate products of the reaction are N-acylaminotriazoles 445, which 
can be isolated and cyclized into 446 on heating with phosphorus oxychlor¬ 
ide (84JHC1689). Compounds 446 can be synthesized also on heating 
thiocarbohydrazide with carboxylic acids in the presence of POCl 3 
(73JHC387). 




NHCOR 1 

(445) 


HN >$ 

NH 2 


Cyclization of aminothiones 198 with carbon disulfide, bromocyanogen, 
aryl isothiocyanates, and l-bromo-2-acetylacetylene leads to mercapto, 
amino, arylamino, and acetylmethyl derivatives of triazolo[3,4-Z»]-1,3,4- 
thiadiazole (446, R' = SH, NH 2 , NHAr, CH 2 COMe), respectively 
[64CI(L)1919; 66JOC3528; 81JHC1353; 86JHC1439; 87JHC1173, 

87JPS395; 88ZOR2151]. The reaction of aminothione 447 with diethyl 
carbonate gives rise to the oxo derivative 448 (84JHC1689). 

HH (EtO) 2 CO w-w 

Ph A N^S-- Ph^^S 

NHPh PhN— 

(447) (448) 

l,2,4-Triazolo[3,4-6]thiadiazolium salts (450) are prepared by three 
methods: (1) acidic cyclization of /V-acylaminothiones 449, (2) the action 
of PC1 5 on Schiff bases 451, and (3) interaction of phosphazo compounds 
452 with acyl halogenides. On the basis of phosphazo compounds and acyl 
isothiocyanates, betaines 453 have also been synthesized (86LA1540). 

With the help of analogous reactions, 1,2,4-triazolo[3,4-6]-l ,3,4-oxadia- 
zoles (454) were synthesized from 4-acylamino-l,2,4-triazoline-3-one 
(80JHC1691), and the derivatives of imidazo[2,l-6]-l,3,4-oxadiazole (455) 
and imidazo[2,l-b]thiadiazole (456) were obtained from /V-aminoimidazo- 
line-2-ones and A , -aminoimidzoaline-2-thiones, respectively (62ZC153; 
63LA113; 69ZC337; 70CB272; 88H1935). 
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Me Me Me 

R jti s — R y; x - j **- Ai s 

NHCORl N^rI Nrf.H 


NHCOR 1 


N=CHR' 

(449) 

(450) 

(450 


j RlCOX 



Me 

N-N R'CONCS 

R'Sl^S 

N-PPh 3 

Me 

N— ^NCOR 1 


(452) 

(453) 



Vx 


R 


(454) 


(455) X=0 

(456) X=S 


Aminothiones 198 are alkylated with chloroacetronitrile on the sulfur 
atom (73JPR1131; 87JHC1173). The resultant cyanomethyl derivative 457 
is cyclized to 1,3,4-thiadiazine 458 on heating with concentrated sulfuric 
acid (87JHC1173). 



nh 2 

(457) (458) 


A more general method for synthesizing condensed thiadiazines is the 
reaction of N-amino-a-thioazoles with a-halogenocarbonyl compounds. 
An analogous approach may be applied to synthesis of 1,3,4-oxadiazines 
from N-amino-a-oxoazoles. Thus, for instance, one can obtain bicyclic 
compounds 459 from the corresponding N-aminoimidazoles (63LA113; 
70CB272) and compounds 460 and 461 from 4-aminotriazoline-3-thiones 
[52JCS4811; 73JPR1131; 82JIC900; 83JPS45; 85CS230; 86IJC382, 
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86JCR(S)70, 86JHC1439]. The interaction of aminothiones 198 with 5- 
bromobarbituric acid gives tricyclic compounds 462 (85M633). 


P V? 

rIR 


Me 

R-V^S 

HN^NH 

0 

(459) X=0,S 

(460) 

(461) 

(462) 


Reaction of 3-amino-4-phenylthiazolin-2-thione with phenacyl bromides 
in methanol leads to thiadiazinium cation 463. The latter compounds, 
on treatment with triethylamine, is converted to pyrazolo[5,1 -6]thiazole 
derivative (465). The same reaction in benzene first gives the S-phenacyl 
derivative 464, which is transformed to 465 in the presence of bases 
(87H1323). 



BrCH2C0Ar 

MeOH 


BrCH 2 C0Ar 

CeHe 


Ph-^i^S Bf 

k^ 

Ar 

(463) 

I Et 3 N 


jrr^ El 3 N r s i 

Ph A i|r5CH 2 C0Ar *“ Ph A f)V SH 
NH 2 Br' N_k Ar 

(464) (465) 


Cyclization of phenacyl halogenides with Schiff bases obtained from 
aminothiones of 1,2,4-triazole [87JCS(P 1)1853] and thiazoles (88S729) pro¬ 
ceeds by a somewhat different course [Eq. (98)]. 



BrCH 2 COArt 
AcOH F 


H^V^COArl N— ^Ar 


(98) 
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5. Cyclizations with Loss of an N-Amino Group 

In some cases, the heterocyclizations of /V-aminoazoles are accompa¬ 
nied by the loss of an /V-amino group. For instance, on heating 1-amino- 
benzimidazole (50) with acetone or acetophenone in the presence of anhy¬ 
drous zinc chloride at 200-250°C, pyridof 1,2-a]benzimidazoles (468) are 
formed in good yields (81 KGS 1497). The same reaction, with formation 
of compound 469, was observed for 7-aminotheophilline (87KGS1551). 

It was assumed that the mechanism resembles to some extent the mecha¬ 
nism of the Fischer reaction. Undoubtedly, the primary products of the 
reactions are the Schiff bases 466 and 467. The former can be isolated if 
the reaction is carried out at a lower temperature. The formation of 467 is 
supported by the noticeably increased yield of 468 if mesityl oxide or 
dypnone are used in reaction instead of acetone or acetophenone. Further 
steps include tautomerization of Schiff base 467, the attack by the terminal 
methylene group on electron-defficient position 2 in the imidazole ring, 
the cleavage of an N—N bond, and recyclization followed by aromatiza- 
tion with elimination of a molecule of ammonia. 


(50) 


RCQMe 

170°C 



RCOMe 

250°C 



(466) 


(467) 






Elimination of the N-amino group takes place by another mechanism on 
formation of triazolo[3,2-b]thiazinones (472) as a result of the interaction of 
1,2,4-triazolylthioacrylic acids (470) with thionyl chloride in pyridine. In 
this case, the cyclization includes acylation of the cyclic aza group af- 
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fording cation 471, which then, probably under the action of pyridine, 
eliminates the amino group. The isolation of salts 471 (R = Ph) supports 
such an explanation (80JOC2479). 


C0 2 h 

C C5 " 5 " 


,aO - 

nh 2 

(471) 


xO 


Another example of a similar cyclization is presented in Eq. (99) 
[88IJC(B) 1049]. 


’h-^N^S 

NH 2 



X=CH, N 


1,2-Diaminobenzimidazole reacts with chalcones on refluxing in DMF 
to yield pyrimido[l,2-a]benzimidazoles [Eq. (100)] (86KGS1136; 
89KGS1071). The course and mechanism of this reaction are not fully 
clear, taking into account that the N-amino group must be considerably 
more active towards carbonyl compounds than the 2-amino group (cf. 
Section IV,C,3). 



nh 2 


ArCH=CHCOAr 

DMF 



H 2 0 


nh 3 (100) 


6. Miscellaneous Types of Cyclization 

Triazolo[l,5-</]-l,3,4-oxadiazines 473 and 474 have been synthesized 
from 1-aroylamino- and I-diaroylamino-1,2,3-triazoles [85JCS(P1)1167; 
87JHC1275]. 

Thermolysis of 3-azido-4-arylideneamino-1,2,4-triazoles leads to 2-aryl- 
triazolo[3,2-c]triazoles, supposedly as a result of the insertion of a nitrene 
intermediate into the azomethine bond [Eq. (101)] (65JOC711; 66JHC119). 
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\N S0C1 2 
H0 2 c^^ C5H5N 
O^NH 

Ar Ar 

(473) 


Ij 


Ph T^ 

BrCH 2 ^^ 

N(COAr) 2 


_A__ 

or OH' 



Ar 


(474) 


.«L 


jtt 

r a n a nh 

^ ''Ar 


(101) 


Mendoza and co-workers, on the basis of 3,3'-dibromomethyl deriva¬ 
tives of l,l'-dipyrazolyl and 2,2'-diindazolyl, synthesized cryptand 475 
and crown-ether 476 (85CC1765; 88JOC2055). Similar crown-ethers were 
also obtained with 4-amino-1,2,4-triazoles (87H989). 



7. Cycloaddition Reactions 

N-Iminoazolium betaines, like all azomethine-imides, take part in 1,3- 
dipolar cycloadditions with various dipolarophiles: activated acetylenes 
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and ethylenes, arylisothiocyanates, etc. The primary product of cycloaddi¬ 
tion can sometimes be isolated, but usually it undergoes further conver¬ 
sions by a course dependent on the presence of a substituent at the 
N-amino group and on the nature of this substituent. As a rule, N-iminoa- 
zolium betains with an unsubsituted NH group give adducts stabilized by 
the opening of the hetero-ring attached to the N-amino group. The products 
of these reactions are 1-substituted pyrazoles. For instance, 4-amino-1- 
methyl-l,2,4-triazolium iodide (477) reacts with dimethyl acetylenedicar- 
boxylate (DMAD) in the presence of K,C0 3 to afford pyrazole 478 
(76CPB2568). 


Me Me CC0 2 Me Me 

N—N + K 0 CO 3 N-N+ CC0 2 Me N-^N H 

VriiT V -W c °2 Me 

NH 2 ”NH n^iT^CC^Me 

(477) 


Similarly, l-amino-3-alkylbenzimidazolium salts react with acetylenedi- 
carboxylic esters [73CI(L)952; 75JHC225] and cuprous and silver phenyla- 
cetylenides (84ZOB1676) to yield l-(o-aminophenyl)pyrazoles 479 and 480, 

R , 
jL-COR 1 

" ^COR 1 
(479) (480) 

Perimidinium imides 481 form with DMAD adducts 482, and the subse¬ 
quent pathway to product for the latter compounds depends on the substit¬ 
uent R. If R = H, the corresponding pyrazole derivative 483 is formed 
as described earlier. However, if R = Me, elimination of a molecule of 
methane is observed, and pyrazolo[l,5-a]perimidine derivative 484 is 
formed (83CPB1378). 

Thiazolium imidies 485 react with DMAD, yielding adducts in a ratio of 
1 :2. These adducts were first described by structure 487 (74CPB482). 
However, it was shown later that these compounds are pyrazoles 486 
(77JOC1648). 

In all the papers just cited, AMmides of azoles were generated by the 
action of mild bases (K 2 C0 3 , Et 3 N, etc.) on 7V-aminoazolium salts. In one 
case, when potassium hydroxide was used as a base in DMF, an anomalous 
reaction course was observed. Thus, salt 477 gave, with DMAD, the 




NHR 



NHMe 

_^-N^CO^e 

^ = ^C0 2 Me 

(478) 
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CC02Me 

CC0 2 Me 



fVl\V C ° 2 Me 

C0 2 Me 

Me 


(481) 


(482) 


(483) 


(R=Me) | -CH 4 

a N ^C0 2 Me 
N ^C0 2 Me 
Me 
(484) 


R^R 

"NH 


CC02Me 

CCQ2Me 


Me02CY^C02Me 
, ll R 

Rl A ^-yC02Me 
^ ■ = ^ s C0 2 Me 


Rl 

3 Vc0 2 Me 
Me0 2 cT C02Me 


(485) (486) 


(487) 


Michael addition product (489) (72BSF3974). The same compound was 
obtained by the action of DMAD on the authentic 4-methylamino-l,2,4- 
triazole. Thus, salt 477 undergoes a Dimroth rearrangement in alkaline 
medium to afford 488, which reacts further with DMAD. 




CC0 2 Me 
__ H CCO^ Me^ 


li ~u 9°2 Me 

k N A C = CH 
NHMe C0 2 Me 
(489) 


Reactions of 1,3-dipolarophiles with AT-acyliminoazolium betaines pro¬ 
ceed by a different course. The cycloaddition products either are not 
stabilized or are destroyed by a ruptured N—N bond. For instance, 1- 
alkyl-4-acylamino-l,2,4-triazolium betaines (490) react with an equimolar 
amount of DMAD to afford compounds 492, obviously as a result of the 
cleavage of an N—N bond in adduct 491 (76CPB2568; 84CCC2916). The 
analogous reaction occurs for 3-alkyl- 1-acyliminobenzimidazolium beta¬ 
ines (75JHC819). 
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R CC02Me R R 

y* «4»co 2 M e — 5,-w 

"NCOR 1 Rl OC^ - ^C0 2 Me Me0 2 C' J 'NHC0R 1 

(490) (491) (492) 

Reaction of l-benzyl-4-acetylimino-l,2,4-triazolium (493) with aryl iso¬ 
thiocyanates in benzene yields a mixture of 1,3-cycloaddition product 
(494) and 1,5-disubstituted triazole (495). However, in DMF, mainly the 
1,5-cycloaddition product 496 is formed (84CCC1713). 


CH 2 Ph 

N — ArNCS 


CH 2 Ph 


(493) (494) 

I ArNCS 
DMF 


CH 2 Ph 
N—A 

V'Sl-Ar 

HN-^S 

COMe 

(495) 


CH 2 Ph 



Me 

(496) 


r -^ /1< v-'C0 2 Me 
Et0 2 C'N _ ^C0 2 Me 


3-Ethoxycarbonylthiazolium betaine forms, with DMAD, the product 
of 1,3-cycloaddition (497) (74CPB482). 

Investigated in a series of papers were the cycloadditions of activated 
acetylenes, ethylenes, arylisothiocyanates, carbon disulfide, and other 
dipolarophiles to l-phenylimino-l,2,3-triazolium betaines; for instance, to 
498 [71TL633; 72T3987; 74T445; 80AG(E)973], The products were first 


CC0 2 Me 

Ph >-N CC0 2 Me ~T=N __ Ph " N —1—^ 

Ph^N-K “ Ph Me0 2 Cv>(NjN> p h Me0 2 C'VrN'N t Ph 

"N-Ph Me0 2 C^ ^'Ph Me0 2 C Ph 


(498) 


(499) 


(500) 
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described by a structure of type 499. However, recently Butler and co¬ 
workers using X-ray and other physico-chemical data obtained rigorous 
proof that the compounds are in reality pyrrolo[2,3-<f|-l ,2,3-triazole deriv¬ 
atives (500) [83CC762; 87CC1090; 89JCS(P 1)371]. 

The cycloaddition of 1,3-diphenylnitrileimine to 1-arylideneamino-l ,2,3- 
triazoles was investigated [88JCS(P1)3233]. This reaction occurs on the 
azomethine group and leads to the formation of a complex mixture of 
1,2,3- and 1,2,4-triazole derivatives. 


F. Substitution Reactions at Ring Carbon Atoms 

As mentioned in Section IV,D, the action of electrophilic agents on N- 
aminoazoles often leads to oxidation of the A-amino group or to destruc¬ 
tion processes. In some cases, one can observe electrophilic substitution 
in the azoles nucleus accompanied by elimination of the A-amino group. 
For instance, under the action of bromine water or nitric acid on 2-amino- 
imidazo[l,5-a]pyridinium salts (501), 1-bromo- and 1-nitro-substituted de¬ 
rivatives (502) are formed [79JCS(P1)1833]. The mechanism of elimination 
of the amino group is unknown. Contrary to the outcome with salts 501, 
the cation of l-amino-2-methylimidazol[l,2-a]pyrimidinium is brominated 
at position 3 yielding perbromide 503; the A-amino group remains un¬ 
touched [77JCS(P1)78]. 

a =n _X_ f^y=-r E r #N ^N-NH 2 

■fN-NH 2 k^N k^N^Me 

R + X' R Br Brf 

(501) (502) E= Br, N0 2 (503) 

A successful bromination with bromine of A-aminopyrazoles at position 
4 (88CPB3838) and 9-aminoxanthines at position 8 was reported 
(89KGS95). 7-Aminotheophiline is brominated at position 8 in moderate 
yield only in acetic acid. Under the action of bromine in water or HN0 3 
in sulfuric acid, oxidation of the A-ami no group occurs (89KGS95). 9- 
Aminoxanthines under the action of nitric acid form nitrates, which do 
not undergo nitration (89KGS95). 

There are no examples of ring-hydrogen nucleophilic substitution for A- 
aminoazoles. However, nucleophilic substitution of such good leaving 
groups as S0 3 H, S0 2 Me or SMe is possible. This substantially enlarges 
the series of accessible A-aminoazoles. Thus, the action of ammonia, 
primary and secondary amines, alkali, and other nucleophiles on 1-amino- 
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2-benzimidazole sulfonic acid gives rise to the corresponding 2-substituted 
jV-aminobenzimidazoles in good yield [Eq. (102)] (88KGS1070; 
89KGS221,89KGS1486). Similarly, the reaction of jV-aminotriazolium salt 
504 with hydrazine gives bishydrazone 505, and betaine 506 is obtained 
on interaction of 504 with carbon disulfide in the presence of alkali 
(73JPR1131). 



nh 2 s" nh 2 X- NH 2 nh 2 

(506) (504) (505) 


The alkoxy group in (V-alkoxyazinium and N-alkoxyazolium salts acti¬ 
vates the nucleus towards nucleophilic substitution and is easily eliminated 
after nucleophilic addition. De Mendoza and co-workers investigated the 
possibility of using jV-azinium and N-azolium substituents with the same 
goal. The quaternary salt 507, under the action of various nucleophiles, is 
converted to l-methyl-5-R-pyrazoles 510 in high yield. Such a course of 
nucleophilic substitution at the pyrazole ring has no analogy. Supposedly, 
the reaction proceeds via adduct 509 stabilized by elimination of a molecule 
of 2,6-dimethyl-4-phenylpyridine (85TL5485). If salt 508 is used instead of 
507, nucleophilic substitution is sharply retarded. By analogy, 2-substi¬ 
tuted 1-methylbenzimidazoles (512) were synthesized from bis-salt 511 
[85JCS(P1) 1209]. Such reactions did not succeed with mono-salts of N,N'- 
bihetaryls, for instance, with 513. 

Af-Aminoazolium salts are characterized by increased CH-acidity and 
easily undergo basic H-D exchange. This process was investigated, for 
instance, with the help of the 'H-NMR spectroscopy for 4-amino-1-R- 
1,2,4-triazolium salts (514) (73JPR97). By the action of sulfur on salts 514 
in the presence of triethylamine, thiones 516 were obtained in a yield 
of 65-92% (71JPR795; 73JPR97). Under the same condition, l-amino-3- 
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04 



(507) R=Ph 

(508) R=Me 


(T^ Nu 

le^VX-Me 

V bf 4 - 


Ph 

(509) 



(510) 



(lie 



(511) (512) 


(513) 


alkylbenzimidazolium salts react with sulfur and selenium, yielding thiones 
and selenones (517), respectively (90KGS1689). Supposedly, both H-D 
exchange and thiolation proceed with participation of ylids, for instance 

515. 


R 



NH2 X 

(514) 


J 20 . ^ _ 

NH2 NH 2 X ’ 

(515) 


S 8 /Et 3 N 


R 



NH 2 

(516) 


Aik 



NH2 


G. Ring Transformation of (V-Aminoazolium Cations 

In a series of papers, Becker and Timpe investigated base-catalyzed 
transformation of 4-amino-1,2,4-triazolium salts. Thus, on heating 1-alkyl- 
4-aminotriazolium salts with 10% aqueous alkali, 4-alkylaminotriazoles 
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are formed in good yield [Eq. (103)] (69JPR9). For an explanation of the 
reaction course, one must assume a migration of the formyl group in the 
acyclic pseudobase to the unsubstituted amino group (518-» 519). 


NaOH N—N _N-NCHO HN-NH^ N-N 


NH 2 

(518) 


(519) 


Similar alkaline treatments of 4-acetylamino-l-alkyltriazolim (69JPR- 
897) and 4-ureido-l-alkyltriazolium salts (71JPR795) lead to 4-alkylamino- 
3-alkyltriazoles [Eq. (104)] and 4-alkylaminotriazoline-3-ones [Eq. (105)], 
respectively. In the latter, case, if R' = Ph in 520, 4-phenyltriazolinone is 
formed in low yield alone with 521. 


N-N+ NaOH 

T x- 

N-N 

^N^Me 

NHCOMe 

NHR 

R 


U* -H-StL. 

, X' 

N-NH 

^N^O 

NHCONHR 1 

NHR 

(520) 

(521) 


1-Acyltriazolium salts 522, generated in situ from amidines 294, are 
transformed to 3-substituted 1,2,4-triazoles 523 on heating in nitromethane 
or acetonitrile (69JPR477, 69JPR646). In this case, the presence of alkali 


(294) 


R 1 COX 


COR 1 

It — 

!-yNH2 


(522) 


N-jN H 

‘W-H 

^=^R 


N-NHCOR 1 

-- * OHCNHNHCOR 1 

H 


(523) 
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is not necessary, since the nucleophile is the amino group of the amidine 
fragment, which intramolecularly attacks position 3 in the triazole ring. 

Salts of l-alkyl-4-arylsulfonyamino-s-triazolium (70JPR1112), l-alkyl-4- 
arylideneamino-s-triazolium (69JPR9), and l-arylideneamino-3-alkylben- 
zimidazolium (75JHC225; 86KGS346) are converted to acyclic pseu¬ 
dobases by the action of alkalines [Eq. (106)]. Under the same conditions, 
3-arylideneaminobenzothiazolium salts undergo ring enlargement, yield¬ 
ing benzo-l,3,4-thiadiazine derivatives [Eq. (107)] (74S126). 



N=CHAr 


C v- NCOR 1 

jr 


(106) 


CcjiM,,-—o£r*'— 


H. Miscellaneous Reactions 

4-Amino-3,5-bismethylthio-l,2,4-triazole is converted by alkylating 
agents in refluxing DMF into the corresponding l-alkyl-4-amino-5-methyl- 
thiotriazoline-3-thiones [Eq. (108)] (83S414). 

R 

N—N RX N-rfl* _ 

MeS^N^SMe DMF MeS A N A S^Me -MeX 
NH2 NH2 X” 


A series of photochemical reactions of A/-aminoazoles was investigated. 
Thus, 1-aminobenzotriazole on irradiation in benzene is quantitatively 
transformed to diphenyl. The course of photolysis of Schiff bases 524 is 
strongly dependent on the solvent. Supposedly, 524 first loses a molecule 
of nitrogen, which results in biradical 525. The interaction of the latter 
compound with benzene and ethanol yields hydrazones 526 and 527, re¬ 
spectively, whereas in acetonitrile, 525 is transformed to 9-phenylfluorene 
(528) with yields of up to 80% (68JA1923). 
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N = CPh 2 
(524) 


^V c 6H5 

L ^NHN=CPh 2 


a, 


r 

N=CPh 2 

(525) 


-n 2 


^^NHN=CPh 2 


(527) 



(528) 


Photolysis of AMsopropylideneaminonaphtho[l,8-</,e]triazine gives 1- 
isopropenylnaphthalene in 60% yield (68JA1923). 


V. Uses 

Apparently, N-aminoazoles have not been found in nature. This proba¬ 
bly accounts for the lack of interest in searching for their useful properties, 
such as biological activity. Consequently, only a few A-aminoazoles have 
found practical application. 

It was discovered only in the middle 1950s that 4-(5-nitrofurfurylid- 
ene)amino-1,2,4-triazole (529) possesses strong bacteriostatic activity 
(54MI1). Under the name Furasonal, it was used in the USSR against 
bacterial infections (71MI1). The activity of the Schiff bases 530 and 531 
against gram-positive and gram-negative bacteria [83MI2; 87MI1; 
88IJC(B)683] was reported. Moderate or good activity towards various 
bacteria and fungi is found for 4-aminotriazoline-3-thiones, their 5-alkyl 
derivatives, and also for derivatives of triasolo[3,4-6]-1,3,4-thiadiazole 


t? 

n=ch^Vno 2 


N-N 

R^N^S 

N=C<0>N0 2 

R 1 

(530) 


n=ch-^no 2 


(529) 


(531) X=0,S 
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(446) and triazolo-[3,4-Z>]-l,3,4 thiadiazine (460) (86JHC1439, 86JHC1451; 
87JHC1173). Antifungal activity has been discovered for 5-nitrofurfuryl 
derivatives of 1 -aminopyrazole and 1-aminoimidazole (88MI1). Some tria- 
zolo[3,4-Z>]-l,3,4-thiadiazines possess antihelminthic activity (83JPS45). 

There are data on antidepressive, antitumor, and hypotensive actions 
of l,2,4-triazolo[3,4,-fc]-l,3,4-thiadiazoles (82JIC769); vasodillatoric, hy¬ 
potensive, and cardiorespiratoric activity of 1,2,4-triazolo[4,3-b]-l ,2,4- 
triazines (61FRP1248409); antidepressive, analgetic, antihistamine, 
and spasmolitic action of l-amino-5-alkoxypyrazoles (76USP3944563; 
81FRP2479219); and antihypertensive activity of 3,4-diamino-l,2,4- 
triazole and its Schiff bases (83MI1; 85MI2; 86MU). V-Aminobenzimid- 
azolones show anticonvulsive properties (85JHC1089). Salts of the 1,1'- 
azobenzimidazolium [74JCS(P1)1792] and l,l'-azoimidazo[l,2-fl]pyridin- 
ium (74USP3849557) possess short-term muscular and neuroblocker 
activity similar to curare. 1-Aminoxanthines display cardiotonic activity; 
however, this activity is weaker than that for theophiline (85YZ730). 

There are no data on the anticancer activity of V-aminoazoles. But 
polycyclic compound 441, obtained from 7,8-diaminotheophiline, is active 
against P-388 leukemia (87CPB4031). There are a few reports on applica¬ 
tions of V-aminoazoles in agriculture. 1-Aminobenzotriazole is an insecti¬ 
cide and herbicide syntergistic (86CC767), 1-Aminobenzimidazoles are 
active against fungi (73GEP2300521), and 3-amino-4-ethoxy carbon- 
ylamino-5-(2-hydroxyphenyl)-1,2,4-triazole was recommended as sweet¬ 
ener (70AP634). V,V'-Dibenzotriazolyls were suggested as possible 
explosives (65USP3184471, 65USP3184472). V-Aminopyrazoles, deriv¬ 
atives of pyrazolo[l,5-6]-l,2,4-triazole and 1,2,4-triazolo[4,3-6]-l,2,4- 
triazine, can be used in photography (61FRP1248409; 64BEP642615; 
65USP3207763). 


VI. Conclusion 

This review demonstrates that the chemistry of /V-aminoazoles is of 
great synthetic value. Probably in the future, all branches of the chemistry 
of V-aminoazoles will be developed; however, some seem more promising. 
These include syntheses and reactions of organic-metallo compounds of 
V-aminoazoles, investigations of the mechanism of oxidation and searches 
for new applications of this reaction, and the use of the V-amino group as 
a protective function. There is an interest in a possible use of V-aminoa¬ 
zoles as potential aminating agents. For a more detailed understanding of 
the electronic structure of V-aminoazoles, it is necessary to pursue the X- 
ray, structural, and 15 N-NMR spectral investigations. Systematic investi- 
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gations on electrochemical oxidation and reduction of N-aminoazoles are 
also necessary. 
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I. Introduction 

The simplest member (1) of the 2,3,4-furantriones is the one obtained 
by oxidizing the hydroxy tetronic acid (2) (Scheme I). The interest in that 
ring system was increased after the discovery of L-ascorbic acid ( 3 , vitamin 
C) and its oxidation product dehydro-L-ascorbic acid (DHA) 1 . The latter 
was formulated as the traditional compound 4 , possessing the furantrione 
ring, but it was found to be equilibrated with other forms as will be 
discussed later. The role of 3 in biological systems arises from its function 
in the oxidation-reduction processes. The ratio of 3 with 4 may be related 
to cell division and therefore may have a critical role in growth regulation 
in addition to its use as antioxidant in foodstuffs. 

The presence of three adjacent carbonyl groups in the frame of the 
furantrione ring explains the high chemical reactivity inherent with such 
molecules. Consequently it was anticipated that they could be excellent 
precursors for constructing heterocyclic rings either by retaining the car¬ 
bon skeleton of the furanone (lactone) ring or by rearrangement via its 
opening. Furantriones, which possess a plethora of functional groups 
with chiral centers, are capable of being precursors for the asymmetric 
synthesis of natural products (83MII). Moreover, those molecules pos¬ 
sessing polyhydroxyalkyl residues could be cleaved or degraded to, for 
example, carbaldehyde or furfural derivatives, whose chemical modifica¬ 
tion may afford products of significant value in the applied field. Thus, 5- 
hydroxymethylfurfural, which is industrially available by conventional 
degradation of carbohydrate molecules (83MI2) offers the possibility of 
producing substances that compete with petroleum-derived chemicals 
(85CB1836; 86CB2631; 87MI3, 87MI4; 88MI7, 88MI8). It is a key sub¬ 
stance between carbohydrate chemistry and renewable resources and the 
conventional industrial organic chemistry based on petroleum. Thus, such 


1 Its nomenclature and numbering of carbon atoms may be different from that used for 
the simple furantrione. 
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reaction pathways offer opportunities for converting carbohydrates as 
renewable resources. The concepts just discussed were (88MI7) formu¬ 
lated in the following equation: 

Carbohydrates -» Heterocycles -» Molecular materials —> Materials 

This review mostly concerns the synthesis of heterocycles from 2,3,4- 
furantriones (2,3-dioxobutyrolactones). It can be divided into four parts, 
the first of which concerns the synthesis of the furantriones. The second 
part concerns their nitrogen derivatives, which retain the furanone ring 
and are mostly the starting precursors for the heterocycles in the third and 
fourth parts. The third and fourth parts concern the heterocycles that 
retain the furanone ring and those that are produced by its rearrangement, 
respectively. 


II. Synthesis of Furantriones 

The synthesis of compounds possessing the furantrione ring is based 
essentially on the ready oxidation of the hydroxy tetronic acids, whose 
synthesis, as well as that of L-ascorbic acid, were reviewed elsewhere 
(60QR292; 80MI2; 82MU2). Thus, compound 2 has been prepared by 
bromination of 5 and sequential hydrolysis of a-bromotetronic acid 6 
(33CB1291) or by a Claisen ester condensation of 7 and subsequent hydro¬ 
lysis of 8 (56JCS4665) (Scheme 2). It can also be prepared by the condensa¬ 
tion of the sodioderivative of acetoxymalonic ester 10 with chloro-acetyl 
chloride 9 to give 11 . Ring closure of compound 11 gave 12 , which, upon 
hydrolysis and decarboxylation, gave 2 . Oxidation of 2 by iodine or in the 
presence of a trace of copper (34CB1660) affords 1. 

The 5-aryl analogues of 2 were conveniently prepared by Dahn and co¬ 
workers (54E245, 54HCA1309, 54HCA1318; 56HCA1366). The acyloin 
condensation of aldehyde 13 with glyoxal catalyzed by the cyanide ion 
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gave intermediate 14 , which cyclized to 18 via 15 (Scheme 3). Compound 
18 then tautomerized to 17 . Reaction of 17 with nitrous acid gave the trioxo 
compound 16 , whose reduction with hydrogen sulfide gave enediol 19 
(56AK489). 

The previous sequence of reactions was found to be generally useful for 
synthesizing these types of compounds (82JMC90). El Ashry and co¬ 
workers introduced the use of this method as an approach for synthesizing 
novel types of C-nucleoside analogues (80MI6, 80M19) possessing the 
enediol system, which is a unique feature of L-ascorbic acid. This was 
achieved by using heterocyclic aldehydes instead of aromatic aldehydes. 
Thus, 2-phenyl-1,2,3-triazole-4-carbaldehyde (80MI6) and itsp-bromophe- 
nyl derivative (82MI5), furfuraldehyde, 2- and 4-pyridinealdehyde 
(54HCA1309), and 2-carbaldehyde-3-methylbenzofuran and its 5- or 7- 
methyl derivatives (86M18; 82MI5; 87MI6) were used to synthesize 17 . 

When the aldehyde under the previous conditions was used in molar 
concentration twice that of the other reactants, a slightly soluble reductone 
containing two aldehydes, one glyoxal, and one HCN was obtained 
(54E245). 

The oxidation of 3 to DHA was studied in great detail and reviewed 
(82MI12). A variety of oxidizing agents, such as the halogens, chlorine, 
bromine and iodine (50JBC81; 51J A3827; 70ZPC52; 71 LA 152; 78ABC173), 
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oxygen (78ABC173), quinones (70MI1), and potassium iodate (45BJ1) 
were used. One of the practical methods of its preparation uses oxygen 
over charcoal catalyst in ethanol, methanol, or water (83ABC607). How¬ 
ever, ethanol was found to be the best. The oxidation may have occurred 
through the formation of a free radical intermediate, monodehydro-L- 
ascorbic acid, whose chemistry is reviewed (82MI11). 

One electron oxidation of 3 and its analogues or derivatives was investi¬ 
gated by electron spin resonance (ESR). Two types of spectra correspond¬ 
ing to an anion radical and a neutral species (71CPB718; 72CPB2651) were 
observed when a Ti 3+ H 2 0 2 system was used as the oxidizing agent. The ab 
initio self-consistent field (SCF) method was used to study the electronic 
structure of ascorbic acid and its metabolities. The bulk of the calculations 
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involved the use of a-hydroxytetronic acid as a model for ascorbic acid 
and the use of related compounds as models for the ascorbyl radical and 
dehydroascorbic acid (81MI9). 

The oxidation of 3 and its phenyl analogue 19 by nitrous acid to give 
the corresponding dehydro derivatives and NO (60HCA287, 60HCA294, 
60HCA303, 60HCA310, 60HCA317, 60HCA320) was carried out at vari¬ 
ous pH values in the presence of N 3 and HN 3 . A considerable decrease 
in the rate of reaction was observed. Both 3 and 19 possessed a stabilized 
enediol group which was smoothly oxidized by mild oxidants such as the 
typical monoelectron acceptors (Fe 3 + , Ag l + , Cu 2+ , iodine). This suggests 
a stepwise transfer of the two electrons and the formation of an extremely 
reactive intermediate. When oxidized by HN0 2 (prepared from NaN0 2 
and HC10 4 or H 2 S0 4 ) under various conditions, the same final product 
arose, although some differentiation among the intermediate reactions was 
achieved by restricting the pH range. These phenomena are explained 
either by the action of various nitrosation agents of different reactivity 
formed from HN0 2 , namely NO + > H 2 N0 2 > N 2 0 3 , or by the different 
ionization of 3 and 19 at pH 2 and pH 4, where a considerable [Red ] is 
formed that is increasingly susceptible to autooxidation. 

The structure of DHA, which is the first chemically stable product in 
the oxidation of 3, was first postulated to be 2,3-diketolactone 4, with 
possibly one or more of the keto groups hydrated (Scheme 4). However, 
studies based on NMR and ESR spectroscopies and X-ray crystallography 
led to a better understanding of its structure [48JCS158; 70LA206; 
72AX(B)916; 75MI2; 76MI6; 77TI587, 77ZN(B)562; 79ACS(B)503; 
80ACS(B)285; 82M110, 82MI12]. The data indicated that an equilibrium 
of various structures probably exists, with the hydrated hemiketal 20 being 
the favored form. This was verified by studying the l3 C-NMR spectrum of 
DHA, where C-6 appeared more downfield than its precursor 3, suggesting 
its involvement in a hemiketal as in 20. The assigned shift for C-2 is further 
upfield than would be expected if C-2 were a keto group, which indicates 
hydration at that carbon. 

Although 20 could not be isolated in a crystalline state in the monomeric 
form, it can be trapped as its stable crystalline derivative 24. On the other 
hand, compound 20 can be crystallized from nitromethane as a symmetric 
dimer 21 comprising a system of five fused rings (70ZPC52, 70ZPC56). 
This dimer can also be obtained by the oxidation of 3 with p-benzoquinone, 
chloranil, or mercuric acetate in N,N-dimethylacetamide or dimethyl 
sulfoxide (DMSO) followed by precipitation by an organic acid. The di¬ 
meric structure is directly demonstrated by measuring the time dependent 
optical rotation. The dimer’s acetylation and benzoylation gave 22 and 23, 
respectively. 
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Scheme 4 

The structure of dehydroisoascorbic acid isomer (81MI5) in solution is 
only partially similar to 20. In dimethylformamide (DMF), the preponder¬ 
ant species is a symmetric dimer. In water, significant differences are 
observed. In fresh aqueous solutions, it is present as bicyclic lactone, but 
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with time, it is transformed irreversibly into approximately equal amounts 
of two pyranose anomers 25 and 26 (Scheme 5). This difference from 20 
is probably caused by strain in the lactone ring due to the proximity of 
oxygens 4 and 5 after formation of the furanoid ring. In water, this leads 
to opening of the lactone ring before the furanoid ring. 


III. Nitrogen Derivatives of Furantriones 

A. Reaction with Amines 

Much work has been directed towards the scope of the Maillard and 
browning reactions involving furantrione and its derivatives. It has been 
reported that 3 undergoes C-2-C-3, C-3-C-4, and C-4-C-5 cleavage reac¬ 
tions in the presence of amines or amino acids and gives various aminocar- 
bonyl reaction products, including amino derivatives of DHA, 2-deoxy 
ascorbic acid, oxalic acid, urea, and isatin (76YZ608, 76YZ932). 

The reaction of a primary alkyl or aralkylamine with DHA led to the 
development of a yellow color which changed, on heating, to wine red and 
then brown. As soon as the heating started, characteristic intense 
ESR signals were observed; a detailed study of the reaction was done 
(75MI3; 76ABC1209; 77MI5; 78ABC809). The radical intermediates 
were fairly stable and are blue. Their color turned to red on oxidation with 
p-benzoquinone. Examination of the ESR spectra of the blue-colored 
radicals indicated they have a common basic composition of two units of 
DHA and one unit of the respective amine whose alkyl residue is present 
in the product. A possible reaction mechanism was proposed in which 
one molecule of amine produces Schiff bases 30 via the intermediate 
carbinolamine 29 (Scheme 6). Reaction of 29 and 30 afforded 32 via 33, 
which, through some electron transfer and oxidation or reduction pro¬ 
cesses, gave the radicals 31 and 35 via 34. 

The reaction of DHA with primary amines having only one or no 
a-protons, such as isopropyl-, sec-butyl-, or ferf-butylamine, gave spectra 
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similar to those detected in the reaction of sugar with amines. The reaction 
of secondary or tertiary amines with DHA did not show characteristic 
ESR spectra other than a signal which is probably similar to that of the 
reduction of DHA in alkaline solution and corresponds to that of the 
ascorbyl free radical. 

When an equimolar mixture of DHA and an aromatic amine was heated, 
a yellow coloration first developed which changed to green, then to red 
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within a few minutes and gradually to dark brown. A characteristic ESR 
signal was observed within a few minutes after heating. An explanation of 
the mechanism of the radical formation in such reactions is analogous to 
the reaction of ninhydrin with aromatic amines. The radical products can 
be given structure 27 or 28, both of which are composed of one unit of the 
aromatic amine. The absence of substitutents at the ortho positions was 
assumed to favor the formation of radical 27. When only one of the ortho 
positions was substituted, the formation of radical 28 was dominant, and 
when both of the ortho positions were substituted, both types of the 
products were detected. 

The decomposition products and browning activities of the 5-phenyl 
furantrione and its phenylhydrazone was studied during their reaction with 
p-tolylamine (73YZ278). The browning activities of the phenyl analogue 
were much stronger than DHA and required air for its decomposition, 
while the furantrione decomposed in nitrogen as well as in air. A variety 
of products were isolated and assumed to be due to a radical cleavage of 
the lactone ring to one to three carbon fragments. 


B. Reaction with Amino Acids 

The well-known reaction of DHA with amino acids develops a red 
pigment. The amino acids are quickly deaminated with the formation of 
36 and an aldehyde having one carbon atom less than the original acid—a 
typical Strecker degradation (Scheme 7). The aldehydes are isolated as 
dimedone derivatives and are useful for identifying the amino acids. In the 
presence of Cu and UV light, the rate of the deamination increases. The 
red color has been used to detect amino acids by paper chromatography 
(64MI1; 68MI3). The red pigment was found to be an intermediate in the 
browning reaction and is related to colorations that appear during the 
processing and storage of some foods, which consequently causes their 
deterioration (73ABC1471, 73ABC2935; 74CL125, 74CLU93; 76MI5; 
78ABC2239; 79TL4467; 80EA605, 81ABC711; 82ABC1199; 83ABC1003, 
83ABC 1955). Its structure was proposed as 37 (73M12, 73MI3; 
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74ABC1981,74MI3; 86ABC3193). This structure was confirmed by NMR 
and ESR spectra. 

The ESR spectrum of the reaction of DHA and amino acids showed 
the presence of two sets of signals. One of these sets is identical 
in each spectrum and corresponds to a blue radical species that is oxi¬ 
dized with air to a red one. The product was identified as tris(2-deoxy- 
2-L-ascorbyl)amine 39. It has a three-fold symmetric structure around 
one nitrogen atom originating from the amino acid (81ABC711). The red 
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pigment was found to be the oxidized form of bis(2-deoxy-2-L-ascorbyl) 
amine 37, which resulted from the elimination of one molecule of ascorbic 
acid (Scheme 8). 

The previous interpretation is in complete accord with the results of an 
electrochemical study (80EA605) which has demonstrated that 39 under¬ 
goes two reversible one-electron transfer steps. The first step occurs 
through a dianion. Its product is the unusually stable blue anion radical 40 
and is the second step via this radical species to some oxidation product 
such as 38, which is unstable and is slowly converted to the red pigment 
37. Reaction of 36 with 37 or DHA produced the yellow pigment 42, whose 
one-electron reduction gave the radical 41. Thus, fairly stable free-radical 
products could easily be formed by the reaction of DHA and a-amino 
acids, which are generally present in foods and biological systems and are 
of interest because of possible antioxidative action and because of various 
important effects of 3 in biological systems. 

Volatile products from the reaction of DHA with ammonia and glycine 
were identified as methyl, 2,5-dimethyl, trimethyl, and tetramethyl pyra- 
zine as well as 2,5-dimethyl-3-ethyl pyrazine (77MI6). 


C. Reaction with Hydrazines 

The importance of the bishydrazones of furantriones lies primarily in 
obtaining crystalline derivatives that are needed for their identification and 
to act as precursors for heterocyclic compounds. Thus, these materials 
can be traced back to the early work on hydroxy tetronic acid and vitamin 
C, where a number of the corresponding bishydrazones were prepared. 

1. Formation of Free Radical Species 

It has been reported (69TL5005) that an ESR spectrum was observed 
during the autooxidation of the aqueous alkaline solution of 3 in the pres¬ 
ence of hydrazine. This spectrum was said to be due to structure 43, based 
on the structure of monodehydro-L-ascorbic (44) (Scheme 9). When that 
structure was revised to 45, it was deduced that pyrrole ring structures 43 
were not formed (74CPB1417). Further studies of the reaction in an aerobic 
alkaline aqueous solution gave rise to some radical intermediates. 

The ESR parameters of the radical species obtained (75CPB1516) from 
the reaction of methylhydrazine with different analogues have similar 
characteristics with respect to the hyperfine splittings. Consequently, the 
basic structure of these radical species can be considered the same, namely 
46 ++ 47 48, the high resonance stabilization of which contributed to 
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Scheme 9 


their stability. These radicals were neither produced under nitrogen nor 
produced rapidly in the presence of air. They were not found in the 
acidic and aerobic solution, but were immediately observed at pH 9. 
Consequently, it was deduced that the reaction takes place rather slowly 
to form some diamagnetic intermediate, i.e., a precursor of the radical 
species. The formation of such an intermediate is probably associated with 
the condensation of 3 with hydrazine derivatives. The intermediate is then 
quickly oxidized in the weak alkaline solution to yield the radical species. 
The oxidation took place also with a ceric salt or potassium ferricyanide. 
The reaction route may also have proceeded through a precursor that was 
inactive to ESR, but after several hours exposure to air, the mixture 
turned purple and became active to ESR; Compound 3 and isoniazide or 
apresoline produced fairly stable free-radical intermediates when present 
together in aqueous alkaline solutions. In view of the similarities in the 
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ESR parameters to the radical from 3 and hydrazine, the same skeletal 
structure was assumed and represented as 49 (75CPB1632). 

2. Formation and Tautomerism of Monohydrazones 

Tetronic acids that are not substituted at the a-position gave, on treat¬ 
ment with sodium nitrite, a purple color due to the formation of sodium 
salts of hydroximinotetronic acids SO, whose acidification gave the yellow 
oxime 51 [1896LA(291)231] (Scheme 10). Coupling of benzene diazonium 
chloride with tetronic acid in alkaline solution gave the hydrazone 52, 
which gave the corresponding oxime and gave no color with ferric chloride 
[1900LA(312)133]. Treatment of the bromolactone 6 with diazonium salts 
gave 52 (74M14). Reaction of the a-ethoxycarbonyllactones 53 with ben- 
zenediazonium salt gave the monohydrazone 54 (55RTC1217) (Scheme 
11). Lactones 53 are readily available from malonic esters by reaction with 
a-bromoacyl bromides. 

The first synthesis of phenylhydrazone 56 by the reaction of benzene 
diazonium chloride on 57 (37N158, 37ZPC34) was similar to that used for 
tetronic acid derivatives. The later could be prepared from 55 through the 
sequence shown in Scheme 12 (35HCA602; 36CB879). 

Subsequently, the reaction of DHA with l-acetyl-2-phenyl-hydrazone 
was used to form 56 (70M13; 76M13). Although a controlled reaction of 20 
with phenylhydrazine did not afford 56, the corresponding substituted 
phenylhydrazones 60 could be obtained by this method (Scheme 13) 
[76AX(B)448; 77M11, 77MI4; 80ACS(B)429; 84M11|. This method was 
used, however, to synthesize the D-erw/jm-analogue of 56 (73YZ304). The 
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regioselective formation of the arylhydrazones, at C-2 of 20 and its d- 
eryt/zro-analogue, can be effected with an acetone aryl-hydrazone in an 
aqueous medium (88MI4). The reaction is general, and the acetone liber¬ 
ated does not interfere with the isolation of the product. Although the C- 
2 carbonyl of DH A is the most reactive, the regioselectivity was enhanced 
by the existence of DH A mainly in the bicyclic form, whose preponderance 
immediately after the oxidation of 3 was confirmed. In spite of the antici¬ 
pated formation of intermediate 58, the products isolated were 60 but 
not 59. 

A study of the reaction pathway was done by l3 C spectroscopy for a 
stoichiometric amount of the arylhydrazine and DHA in a solution of N, N- 
dimethylformamide [80ACS(B)429], The reaction mixture immediately 
contained exo and endo diastereomeric hydrazines 58 in equilibrium in 
unequal amounts. These intermediates are transformed to hydrazones 60, 
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where the NH group, hence, can establish hydrogen bonds to either 0-1 
or 0-3. The structure of 60B, where the NH weakly hydrogen bonds to O- 
1 was supported by X-ray crystallography of the p-bromophenyl analogue 
[76AX(B)448]. The lactone ring is in the envelope conformation and is 
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almost coplanar with the phenylhydrazone part. Whereas hydrogen bond¬ 
ing is intramolecular and tends to stabilize the planar hydrazine group, the 
0(6)—H . . . 0(3) and 0(5)—H . . . 0(6) bonds combine to form and 
reinforce a helical interaction. The only participants are neighboring ascor¬ 
bate moieties that are arranged head-to-head across screw axes. This leads 
to piles of symmetry-related molecules that have no obvious interaction 
with other piles, except for van der Waals forces [76AX(B)448]. 

The bond distances in the hydrazone group indicated a considerable 
Tr-electron delocalization in the system because of the contribution of 
resonance structure, which are energetically preferred to bicyclic system 
59. It was then concluded that a disruption of the furanoid ring follows the 
introduction of a hydrazone residue at C-2, which induces a 77-electron 
delocalization in the system. This was due to the sp2 hybridization at 
C-3, which precludes the necessary fourth valence for ring formation 
(82MI9). 

I3 C-NMR spectroscopy was used to study the tautomerism of com¬ 
pounds 60-64. It is anticipated that a marked difference exists between 
the tautomeric pairs (e.g., 60A and 60C) in the chemical shifts of the 
aryl carbons, as suggested by comparison of the spectra of some model 
compounds such as azobenzene, acetone phenylhydrazone, and acetophe¬ 
none phenylhydrazone (81JHC7I9). The chemical shifts are those of phe- 
nylhydrazones and are incompatible with the presence of a phenylazo 
group. Consequently, the hydrazone of furantriones exists in just two 
tautomeric forms. The tetronic acid derivatives exist in an almost equal 
ratio (55 :45) of syn and anti configurations (81JHC719). However, those 
of the corresponding acyclic analogues, 3-ketoesters, are usually repre¬ 
sented as the hydrogen bonded anti tautomer 61 (59SA20; 66BSF2981; 
76JIC1156; 79T2013). On the other hand, that of ascorbic acid exists in a 
single tautomeric form 60B [79ACS(B)503] in the crystalline state, as 
confirmed by the X-ray analysis [76AX(B)448]. Its l3 C- and 'H-NMR 
spectra showed that it exists in solution in a single configuration, presum¬ 
ably the syn isomer. 

This apparent contradiction in the tautomeric population of each tauto¬ 
mer in the different hydrazones was attributed to the presence of the 
dihydroxyethyl group on C-4, a situation which prohibits the interconver¬ 
sion on going from solid state to solution. This may be due to the involve¬ 
ment of C-3 and C-l in intermolecular hydrogen bonding with one of the 
dihydroxy ethyl groups and the phenylhydrazono group, respectively. 
This type of hydrogen bonding prohibits the interconversion from tauto¬ 
mers of type B to A because the carbonyl of C-3 is not free to accept 
another hydrogen bond and consequently stabilizes the crystalline state. 
However, measuring the l3 C-NMR spectra of 60 at a lower temperature 
showed the presence of two isomers [80ACS(B)429]. Only at temperatures 
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higher than -10°C, is the rate of interconversion of the two isomers 
sufficiently fast to average out the differences in chemical shifts between 
them. The standard free-energy difference (AG) between the two isomers 
is found to be 0.7 ± 0.2 KJ/mol, and the free-energy barrier (AG # ) is 
62 ± 2 KJ/mol. The most stable isomer has the same structure as observed 
for the molecule in the crystalline state. The Hiickel molecular orbital 
(HMO) method that has been used to study the tautomerism of mono and 
bishydrazones is in agreement with the spectral results (82MI7). 

3. Formation and Tautomerism of Bishydrazones 

The reaction of DHA and its analogues with hydrazines readily gave the 
corresponding bishydrazones. The 2,4-dinitro-phenylhydrazine derivative 
of DHA is widely used to determine ascorbic acid by spectrophotometry 
(43JBC399; 44JBC511; 61ANY277). Other components, for example, 
those in foodstuffs, may react with the reagent, but to be more specific for 
DHA, the reaction should be conducted at lower temperatures. Paper 
(67MI3), thin-layer (67MI1; 72MI1), and column chromatography 
(61BJ459) have been used to separate the bishydrazone from interfering 
hydrazones, but these methods are rather tedious. A high-performance 
liquid chromatography procedure was used for its anlysis (81MI8; 83MI7). 

Other bishydrazones with various substituents on the phenyl ring as 
well as compounds related to sulfa drugs were prepared (33JCS1270; 
43MI1; 78MI4; 85MI2; 86MI6, 86MI10, 86ZC249). The corresponding 
bis-semicarbazones 67 (64CR587; 66BSF522), bisthiosemicarbazones 
68 (74MI1), and bisacylhydrazones 69 (34MI1; 77 MI2) were prepared. 
Similarly, derivatives 70 from the phenyl and triazolyl analogues 
were also prepared [54HCA1318, 54HCA1325; 55RTC1217, 55RTC 
1227, 55RTC1229; 77JHC927, 77MI2; 78PHA709; 81MI4, 81PHA509, 
81PHA751; 85IJC(B)268]. Derivatives 73 could also be prepared from the 
reaction with the corresponding hydrazino-triazine. 

Mixed bishydrazones were prepared by reacting the monohydrazones 
with another type of hydrazine to give 66 or with hydroxylamine to give 
71. They can also be prepared by reacting the oxime with hydrazine to 
give 74 (77ACH409; 79S977) (Scheme 14). 

Three points are subjects of controversy. The first is the structure of 
the hydrazine residue. Is it a bishydrazone, bishydrazide, or an azohydra- 
zone? The second point concerns the size of the lactone ring. The third 
point concerns the type of hydrogen bonding. The controversy is a conse¬ 
quence of obtaining a variety of derivatives from the reaction mixture, 
including its first synthesis (33JCS1270; 34CB1750; 37CB1862; 47HCA742; 
52AK369; 56CR607; 67MI2). The present situation is that the bishydrazone 
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structure 65 is the one assigned for the product, which is sometimes 
contaminated with an orange product that is a pyrazolinedione resulting 
from the rearrangement of 65. Moreover, the bishydrazone exists in two 
forms: red and orange. These two forms can be readily isolated for the 
D-eo’t/jro-analogue, whereas those of the L-t/ireo-analogue could only be 
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isolated for the corresponding derivatives. The bis(phenylhydrazone) of 
the L-t/jreo-analogue existed only in the red form. However, its orange 
form was isolated by crystallization from pyridine; it contains a pyridine 
molecule (unpublished results). Moreover, in solution, the orange form 
was detected by NMR spectroscopy. 

The infrared spectra of the red osazone showed a lactone carbonyl at 
-1740 cnrr 1 , whose low value was at first thought to be due to a lactone 
ring of different size [68JCS(C)2247, 68MI1], It was later discovered that 
hydrogen bonding was the reason (88G617). On the other hand, the orange 
form showed the lactone carbonyl at —1780 cm' 1 . The IR spectrum of the 
red form of the o-erythro analogue showed two bands at 1735 and 1765 
cm -1 in DMSO solution. With time, the former almost disappeared, while 
the later became intense. In dioxan solution, the transformation proceeded 
to about 60% (73YZ304). 

Further evidence for these phenomena was provided by the UV data of 
compounds 65a and 65b. Compounds 74 and 72, which appeared as 65c, 
showed a hypsochromic shift of the high wave-length absorption on stand¬ 
ing, corresponding to the conversion of dichelated form ZZ to monochel- 
ated form EE (80T2955). Compound 71 displayed a constant UV absorp¬ 
tion, on standing, in agreement with the unique EE-configuration. The 
notably high values of the visible absorption maxima strongly suggest a 
chelated ring involving a phenylhydrazone group in EE and ZZ osazones 
65 (444 and 468 nm), ZZ hydrazones 74 (396 nm), and EE hydrazones 71 
(383 nm), as compared with glucose osazone (390 nm). These high absorp¬ 
tion maxima are due to the presence of a five membered lactone ring 
adjacent to the chelated system, and not to a phenylazo group. 

The 'H-NMR spectra of the bishydrazones showed a characteristic 
feature. An initial spectrum of the red form in DMSO-d 6 showed the two 
NH as two resonances (at -10.9 and 12.0 ppm) that diminished in intensity 
as a new pair of signals began to appear at —10.3 and 12.5 ppm (70T3833). 
A parallel change was also observed for H-4. Inspection of the spectra of 
the acetates in CDC1 3 solution indicated the presence of only the red form, 
whose NH’s appeared at -10.9 and 12.0 ppm (88G617). 

I3 C-NMR spectra 65b,c and those of glucose osazone support a possible 
nonclassical aromatic system (80T2955). Closely related shifts for the C- 
2, C-3, and C-4 carbon atoms provide additional evidence for the 1,4- 
lactone structure of ascorbic acid osazone. The structural change of ZZ 
to an EE-configuration in DMSO for 65a and 65b is more rapid than for 
65c. However, the spectra of 74a,b and 72a,b revealed marked differences. 
Unlike the case of compounds 65, they do exist in the solid state or in 
chloroform in the unique ZZ-configuration, which can be estimated to be 
about 50%. In contrast, compound 71 in chloroform showed only an EE- 
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configuration. The conversion of the ZZ to the EE-configuration in basic 
solvents was attributed to mutarotation. A similar geometric isomerization 
was also noticed for 65a,b. 

Roberts, who pointed out the difference in the chemical behavior of 
ascorbic acid and sugar osazones, preferred a 3-phenylhydrazino-4- 
phenylazo-5//-furan-2-one structure, which he supported by its remark¬ 
ably high UV absorption [79JCS(P1)603]. However, this type of structure 
was ruled out by the l3 C-NMR spectra. 

4. Acylation and Acetalation of Mono- and Bishydrazones 

Acetylation of the monohydrazones 60 with acetic anhydride in pyridine 
did not give the expected di-O-acetyl derivative 75, but elimination of an 
acetic acid molecule took place to give 5-(2-acetoxyethylidene)tetrahydro- 
furantrione 3-phenylhydrazone 76 (70MI3) (Scheme 15). The same com¬ 
pound was similarly obtained from the corresponding D -erythro isomer 
(73YZ304). Benzoylation caused a similar elimination to give 77. On the 
other hand, acetylation of the bishydrazones gave the corresponding 
di-O-acetyl derivative 78. Tosylation of 65c gave the di-O-tosyl derivative 
79, whereas its selective tosylation gave 80 (70M13). 



75 76 R = Ac 

77 R=Bz 



ArHN-N NNHAr 


78 R □ R'= Ac 

79 R = R'= Ts 
BO Rn Ts,R = H 

Scheme 15 
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82 

83a R = H,R=Ph 

83b R=Ph,R'=H 
Scheme 16 

Acetalation of monohydrazone 60 gave 81-83 (Scheme 16). The ‘H- 
NMR spectrum of 81 showed a chemical shift difference for the two methyl 
groups, agreeing with the shift rule of El Ashry (86CC1024). The previous 
discussion on the isomerism of hydrazones 60 indicated the possibility of 
their existence in two geometric isomers, particularly in solution. In the 
solid state, it exists in one form. However, its isopropylidene derivative 
was found to exist in two forms in the solid state and in solution. Similarly, 
the cyclohexylidene 82 exists in both forms. On the other hand, benzyli- 



84 R= R”= Me |- 87R=H 

85 U- 88 R* Ac 

86 R = H,R=Ph 


Scheme 17 
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dene 83 exists as a mixture of four species: two diastereoisomers (83a and 
83b) and two geometric isomers A and B (unpublished results). 

The synthesis of the isopropylidene 84, cyclohexylidene 85, and benzyli- 
dene 86 acetals of the osazones 65c provided confirmation of the size of 
their lactone rings (86MI3) (Scheme 17). This was done by the re¬ 
arrangement of the lactone ring via its opening to give 87, which, upon 
acetylation of the resulting hydroxyl group, gave 88. A comparative study 
of the shift of the protons on the carbon skeleton by ’H-NMR spectroscopy 
indicated the location of the lactone ring. Although the acetates 78 exist 
in only one form [68JCS(C)2247], the corresponding isopropylidene exists 
in the two forms ZZ and EE [88JCS(P1)133]. 

5. Complexes of Hydrazones 

Few reports concern complexes of the hydrazones of furantriones. 
Thus, reaction of 3-phenylhydrazones-5-methyltetronic acid 54 and 3,4- 
bis(phenylhydrazones)-5-methyl tetronic acid 65b with frans-[Pd(NH 3 ) 2 ] 
gave complexes whose analytical results were consistent with the formulae 
[Pd(54) 2 ] and [Pd(65b) 2 (NH 3 ) 2 ], respectively (83MI6). 

When the bisbenzoylhydrazone 69 was treated with an ethanolic solu¬ 
tion of cupric chloride, it probably gave a complex that decomposed 
readily, upon heating or standing at room temperature, with the formation 
of benzoic acid (77MI2). 


IV. Heterocycles Retaining the Furanone Ring 

This type of heterocycle retains the furanone (lactone) ring of the parent 
compound. The heterocycle may be fused to the furanone ring at various 
positions. Thus, the fusion may be on C-5 and C-4, C-4 and C-3, or C-3 
and C-2. Otherwise the heterocycle may be linked to the C-5 of the fu¬ 
ranone ring, which was discussed in Section II. 


A. Furo-furanones 

The principal skeleton for this type of compound could be represented 
by formula 89, where a perhydrofuran ring is fused to the C-4—C-5 bond 
of the furanone ring (Scheme 18). The bicyclic form of DHA and its dimeric 
form are representative of such a ring and are discussed in Section II. Their 
spectra were studied (70ZPC52, 70ZPC56). The fragmentation pattern of 
22 is shown in Scheme 18. Its X-ray analysis (86MI2) reveals only moderate 
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mlz 242 m/z 200 m/z 140 

Scheme 18 


deviation from two-fold symmetry, presumably caused by the packing 
requirements of the acetate groups. The central dioxane ring is stabilized 
by the conversion of the hydroxyl groups into acyloxy groups. 

Epimeric lactones 90 and 91 were isolated in low yield from the reaction 
of 3 with methanol in the presence of boron trifluoride as a catalyst. They 
have been proposed as intermediates in the acid-catalyzed degradation of 
3 to furfural and polymeric materials (77GEP2719303) (Scheme 19). 

The monoanion of 3 is an ambident anion that can display nucleophilicity 
at the C-2 as well as the 0-3 positions. Thus, when the alkylation was 
carried out in water, a mixture of the 0-3 and C-2 benzylated derivatives 
92 and 93, respectively, were produced [65CI(L)89, 65CJC450] (Scheme 
20). The structure of the methyl glycoside of 93 was confirmed by X-ray 
crystallography [76AX(B)1665]. 
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Scheme 19 


Another type of compound having the furo-furanone skeleton, in which 
a C—C bond was formed at C-2 of 3, has been achieved by using 3 as a 
Michael carbanion donor to various a,/3-unsaturated carbonyl compounds. 
Thus, it gives 94a when combined with methyl vinyl ketone, which can 
then be converted to the cyclic acetal upon reaction with methyl alcohol 
in the presence of an acid (83T2137). The reaction was extended to acro¬ 
lein, a-methyl acrolein, and crotonaldehyde to give 94c. Its application 
with 2-cyclohexen-l-one required an unexpected acid catalysis to give 
94b. On the other hand, extending the reaction to a cyclic enedione, 
2,3-dihydrobenzoquinone gives rise to 2-(l\4'-diketo-2'-cyclohexyl)-3- 
keto-L-gulonoactone-3,6-cyclohemiketal which, in turn, is stabilized as 
the 3,l'-cyclohemiketal 94d (89H467). 2-Methyl-2,5-dimethoxy-2,5-dihy- 
drofuran, a cyclic acetal of cis-3-acetylacrolein, gave with 3 an amor¬ 
phous major product of 2-(5-methyl-2-furyl)-3-keto-L-gulonolactone-3,6- 
hemiketal 95 (84JOC5064). The reaction mechanism most likely involves 
cis-3-acetylacrolein (i.e., 4-keto-cis-2-pentenal) as an intermediate. Hemi- 
ketal 95 was converted with succinic anhydride into a crystalline molecular 
complex whose X-ray structure determination showed strong hydrogen 
bonds between the succinic carbonyl oxygens and the C-3 hydroxyls of 
2 mol of hemiketal 95. Succinimide and N-methylsuccinimide also gave 
very stable molecular complexes, while maleic anhydride and N-phenyl- 
succinimide did not form crystalline adducts with 95. The lactone 95 and 
its adducts show remarkable immunomodulation and an extremely low 
toxicity. 


OH 


W>n PhC 

>=< PhCH 2 CI >=< 


PhCH 2 CI )—{ + 

NaO OH y—O OH Ohq qh 


Scheme 20 
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Scheme 21 
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The nitrogen derivatives of 4 were briefly reviewed (82MI173). When 
the corresponding bis(arylhydrazones) were subjected to mild oxidants, 
such as cupric chloride, they gave the yellow bicyclic compound 3,6- 
anhydro-3-arylazo-2-oxo-L-lyxo-1,4-lactone arylhydrazone (97), and not 
the anticipated triazole 99 (Scheme 22). The structure of 97 was deduced 
by both degradative and spectroscopic methods [68JCS(C)2251, 68MI2; 
73JHC1051). Its infrared spectrum revealed a lactone band at 1720 cm -1 
in the same position as that of the starting bishydrazone. Acetylation of 
97 afforded 98, whose 'H-NMR spectrum showed the presence of only 
one acetyl group and one imino proton, indicating the loss of one hydroxyl 
group and one imino proton during the transformation. The undecoupled 
13 C-NMR spectrum (80JHC1181, 80MI10) of the acetate 98 showed an 
upheld shift of C-3 (105.0 ppm), compared with that (110.2 ppm) of 65c, 
which is consistent with the loss of the double bond at this position. The 



97 98 



99 

Scheme 22 
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large downfield shift of the resonances of the phenyl carbons (particularly 
C-l, C-2 and C-4, which appeared at 151.0, 122.5, and 131.5 ppm respec¬ 
tively) instead of the respective carbons in the bishydrazone (which ap¬ 
peared at 143.6, 112.6, and 123.4 ppm, respectively) are incompatible with 
a benzene ring linked to a hydrazino group, such as structure 96 and agreed 
with a benzene ring linked to an azo group, as in structure 97. 

The structure of 97 was also confirmed by studying (81MI3) the l5 N- 
NMR spectrum. The proton-decoupled, natural abundance spectrum 
displayed four signals at 147.5 and 139.8 ppm (characteristic of azo ni¬ 
trogen nuclei), at -14.2 ppm (for the tertiary nitrogen nucleus), and at 
-208.5 ppm (characteristic of the secondary nitrogen nucleus). The pres¬ 
ence of only one N—H proton was confirmed from the proton-coupled 
15 N-NMR spectrum, which displayed the three ,5 N signals at lowest field 
as singlets, but displayed the signal at the highest field as a doublet ('J I5 NH 
95.2 Hz). 

The structure of 97 was put in doubt when electron ionization mass 
spectroscopy detected a molecular ion peak two units higher than expected 
(80JHC1181). The mass spectrum of the acetate 98 also showed a molecu¬ 
lar ion two mass units more than calculated, which can also be accounted 
for by the acetate of structure 96. However, when the mass spectrum of 
97 was measured at a lower temperature below the decomposition point 
of the compound, the expected molecular ion (m/z 394) for structure 97 
appeared. Moreover, as the temperature was slowly raised above the 
melting point, the mlz 396 ion started to appear. This suggests the transfor¬ 
mation of the azo compound to 96 or to an isomer on thermal decomposi¬ 
tion of the sample. 

The UV spectrum of 97 shows an absorption maximum at 365 nm. This 
is considerably lower than that of the parent bis(hydrazone) 65c, which 
appeared at 445 nm. This could be attributed to the disappearance of 
conjugation with the C-3 hydrazone group in compound 97. 

The oxidation of the bis(phenylhydrazone) described previously was 
found to be general, whereby other bis(hydrazones) or the mixed bis(hy- 
drazones) could be transformed to the substituted derivatives of 97 (84MI1; 
85MI2; 88MI5). On the other hand, the bis(o-chlorophenyl) analogue gave 
the corresponding o-chlorophenyl derivative of 97 when subjected to the 
same condition, without loss of the chlorine atoms (76MI4) as anticipated 
from the studies in osazone chemistry (61JCS2957; 73M11). It was assumed 
that the ortho chlorine atom and the hydrazone residue form a complex 
that facilitates the removal of the ortho halogen. Such a complex explains 
why the meta and para substituents do not undergo such a reaction. The 
only halogen in the ortho position that is retained in the molecule under 
these conditions is the fluorine atom. This was attributed to the fluorine 
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Scheme 23 


being more strongly bound than the other halogen atoms. The retention 
of the ortho chlorine in the above reaction may be attributed to the facile 
susceptibility and consequently the mild condition of the oxidation of the 
hydrazo group to the azo group. The oxidation could be achieved by 
various oxidizing agents such as nitrous acid and iodine. This facile loss 
of the two hydrogen atoms may be due to the presence of the bis(hydra- 
zone) 65c in equilibrium with a bicyclic hydrazo form 96. 

The oxidation just discussed was successful with analogues possessing 
longer side chains (70MI4; 72MI2) or other configurations (Scheme 23). 
On the other hand, when the 2,3-bis(phenylhydrazone) of the four-carbon 
analogue with no side chain was treated with cupric chloride as previously 
described, partial hydrolysis occurred and the phenylhydrazone 52 was 
obtained (76MI2) (Scheme 24). Reduction of 60 with sodium borohydride 
gave the corresponding alcohol, whose acetylation gave the 3,6-anhydro 
derivative (82MI2). 


B. FURO-TRIAZOLES 

A general method for synthesizing triazoles 101 from bis(arylhydra- 
zones) 100 was achieved by various oxidizing agents, such as metal salts 
in their higher valency state, nitrous acid, and halogens such as bromine 
(Scheme 25). The latter bromination affords the corresponding p-bromo- 
phenyl derivative of 101. These reactions are applicable with various 
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Scheme 25 

substituents on the two sites of diketone bis(arylhydrazones). However, 
when the two carbonyl groups are a part of a furantrione ring, the reaction 
proceeds differently, and no triazole derivatives are isolated. 

Pollet and Gelin (79S977) elaborated a convenient synthesis for the 
fused [furo-3,4-</]triazoles 104 bearing a furanone ring suitable for further 
transformation to 4-(l-hydroxy-alky l)-2//-u/c-triazole 105 (Scheme 26). 
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Two routes have been examined. Sequential coupling of the tetronic acid 
analogues with benzene diazonium sulfate gave 54 [1896AC(R)244; 
1900AC(R)155]; oximation with hydroxylamine hydrochloride and sodium 
acetate gave 103; and cyclodehydration of 103 in acetic anhydride afforded 
the [3,4-*/]triazoles 104. More conveniently, the three-step elaboration of 
104 was done by treating the tetronic acid with sodium nitrite and then 
phenylhydrazine hydrochloride to give 102 via the formation of the sodium 
salt of the oxime. Cyclodehydration of 102 gave 104. 

A better cyclodehydrating process was performed by phosphorus pen- 
tachloride in dimethoxyethane at room temperature. The synthetic potenti¬ 
ality of the furanone ring of 104 in the synthesis of functionalized 1,2,3- 
triazoles by the cleavage with ammonia and amines has been explored. 

Sequential conversion of DHA into the hydrazone 60, followed by oxi¬ 
mation gave the oxime 71c (77ACH409; 88MI4), then cyclodehydration 
gave 4-L-r/ireo-2,3-di-acetoxy-(l-hydroxypropyl)-2-phenyl-l,2,3-triazole- 
5-carboxylic acid 1 ,4-lactone 106 (77MI3) (Scheme 27). The infrared spec- 
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trum of 106 showed a lactone carbonyl band at 1800 cm" 1 shifted to a 
higher value than that of its precursor because of the absence of hydrogen 
bonding. The 'H-NMR spectrum of 106 showed signals agreeing with the 
structure. Its mass spectrum showed a molecular ion peak and a base peak 
that due to the loss of the diacetoxyethyl side chain from 106. Compounds 
of this type could be precursors for other triazole derivatives. Thus, upon 
treatment of 106 with liquid ammonia, deacetylation occurred to give 108. 
Acetylation of 108 gave 109, whereas its periodate oxidation followed by 
borohydride reduction afforded 110. The reaction of 71c with hydrogen 
bromide in acetic acid afforded 107. The reaction was achieved using 
hydrazones possessing different substituents on the hydrazone residues 
and on the D-erythro analogue to afford triazoles with a variety of substitu¬ 
ents (79MI1; 82MI3; 82MI8). 


C. Furo-diazines 

The synthesis of this type of compound was achieved by nucleophilic 
attack of the nitrogen of the C-3 hydrazone residue on C-6 of 65c when it 
carries a leaving substituent such as a sulfonyloxy group or a bromine 
atom. This intramolecular heterocyclization process was achieved by the 
action of sodium iodide in acetone or by the action of acetic anhydride on 
the mono-O-p-toluene sulfonate to give 111 and 114, respectively (82MI5) 
(Scheme 28). The spectral data confirmed the assigned structure. 

When the di-O-p-toluene sulfonyl derivative was subjected to the action 
of sodium iodide in acetone under the previous condition, a product 113 
was obtained as a result of the nucleophilic displacement of the primary 
tosyloxy group by the iodide ion. This is probably due to the steric effect 
of the tosyl group on position 5. 

The D-erythro-analogue 116 was obtained from the reaction of 6-bromo- 
6-deoxy-dehydro-D-isoascorbic acid with phenylhydrazine (80MI5). The 
reaction had probably taken place via the formation of the corresponding 
bis(hydrazone) 115, followed by nucleophilic displacement of the bromine 
atom by the participation of the hydrazone residue to give 116, whose 
acetylation gave 117. Reaction of the 2,3-diamino analogue 118 with dicar¬ 
bonyl compounds gave the diazine 121 (37CB1862; 82MI6). 


D. Furo-imidazoles 

The 3,4-diamino-(5//)-2-furanones are considered ideal starting materi¬ 
als for synthesizing various heterocyclic compounds. An efficient synthe- 
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sis is the catalytic hydrogenation of the corresponding dioxime to give 118 
(79S977; 82MI1) (Scheme 29). The hydrogenation of the dioxime instead 
of the corresponding bis-(phenylhydrazone) avoids the tedious separation 
of the enediamine from the aniline product. Reaction of 118 with different 
aldehydes gave the furo[3,4-6]imidazoles 122 (37CB1862; 74MI2), 
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123 


whereas the acetylation gave 119. Attempted reduction of the diamines, 
with the aim of using them in the synthesis of biotin model compounds, 
was only successful after acylation (46MI1). 


E. Furo-furazans 

Cyclodehydration of the dioxime with thionyl chloride in dioxane gave 
4-oxo-4,6-dihydrofuro[3,4-c]furazans 120 (79S977). Opening of the lactone 
ring with amines led to functionalized 1,2,5-oxadiazoles 123. 


F. Furo-quinoxalines 

These compounds are divided into two main types. The first has the 
quinoxaline ring fused to the 2 and 3 positions of the furanone ring, whereas 
the other type has that ring fused to the 3 and 4 positions. These compounds 
were prepared from quinoxalinones or quinoxalines obtained from the 
reaction of furantriones with one or two molar equivalents of o-diamines 
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(see Section V). Two methods can be used to form the first type. In 
compounds containing a triol residue, such as 124, dehydrative cyclization 
takes place under isopropylidenation to give 125 (unpublished results) 
(Scheme 30). A similar reaction takes place on the D-erythro isomer. 
Although another type of dehydrative cyclization takes place under acyla¬ 
tion of 124 (see Section V), analogue 126 gave 127 on acetylation and 
benzoylation [90JCS(P1 )2513]. Reaction of 127 with alkali opened the ring 
to give 126, 

Compounds of type 129 were prepared by the action of hydrochloric 
acid on 128, which was prepared from the respective furantrione (Section 
V,G) (54HCA1318; 64HCA1860; 66HCA2426; 86MI5) (Scheme 31). The 
quinoxaline 129b gave a diacetyl and an isopropylidene derivative. Treat¬ 
ment with sodium hydroxide caused the opening of the lactone ring and 
formation of the sodium salt 130, which, on acidification, gave a mixture 
of lactones 129 and 132. Compounds with various substituents on the 
aromatic ring and on the dihydroxyethyl residue as well as derivatives from 
the opening of the lactone ring were prepared (84MI2; 86MI9). Oxidation 
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of 129a followed by oximation gave the condensed isoxazole 133a 
(66HCA2426). 


G. Furo-dioxolanes and Dioxanes 

As a consequence of Albert Szent-Gyorgyi’s (76MI1) bioelectronic the¬ 
ory of cancer, L-asorbic acid was used as a carrier for methylglyoxal and 
its derivatives. Therefore, the reaction between such carbonyl compounds 
and 3 attracted the attention of Fodor and others (79MI3; 80MI1). Thus, 
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3 gives new acetals 134 with a-ketoaldehydes. The 2,3-dioxole ring was 
formed from the reactive aldehydes under kinetic conditions; glyoxal is 
reported to afford the novel enediol bisacetal 135 (76USP3888989). These 
data open the possibility of direct oxidative modification of the ascorbic 
acid side-chain (Scheme 32). 

An attempt to prepare the dioxole 136 by treating 3 with a suitable 
gem-dibromide, such as 1,1-dibromopinacolone, was reported (82MI4). 
However, the product was the open chain 3-0-(3,3-dimethyl-2-oxobutyl) 
ascorbate 140 and not the dioxole 136 (Scheme 33). On the other hand, an 
intermediate 137 containing one bromine atom as well as DHA could be 
trapped. Consequently, the proposed mechanism involves alkylation of 3 
to 137, intramolecular redox reaction to 138 and DHA via 139, and finally 
alkylation to give 140. Note that this type of ring system was previously 
reported (61JA3504). 

5,6-Dihydroxy-A^-methylindole 142 readily reacts with DHA in aqueous 
solution at room temperature (64CJC1401; 65JCS4728) (Scheme 34). The 
two hydroxy groups of the indole interact with the a-diketone function of 
DHA to form the 1,4-benzodioxane 144. This type of reaction appears to 
be general since similar interactions occur between other o-diphenols and 
a-diketones. The mechanism by which the 1,4-benzodioxane derivative is 
obtained when adrenochrome 141 is reduced with ascorbic acid to give 
142 via 143 was studied. 

The reactions of either 3-hydroxymethylindole with 3 or of indole, form¬ 
aldehyde, and 3 gave ascorbigen (57CCC654, 57CLY1197, 61MI1; 
62ACS1286), which is a bound form of 3 that has been isolated from 
cabbage and other sources. 

On the other hand, the formation of dioxolane linked to the furantriones 
of general structure 146 is straight-forward and readily obtained by the 
oxidation of 145 [32N(L)847; 68MI4; 72BBA207; 75ANY48] (Scheme 35). 
It has been studied more extensively than the 2,3-acetals previously men- 



270 


E. S. H. EL ASHRY el al. 


[Sec. IV.H 


V 

CO 

NaHC03 I 

CMe3 





Scheme 33 


HO 


tioned. Their significance is not only for their use as protecting groups, 
but also for their commercial importance as lipophilicity modifiers for 3. 


H. Lactones and Spirodilactones 

Part of the skeleton of some natural products resembles that of 3. 
Leucodrin 147 [1896LA(290)314] and conocarpin 148 [70JCS(C)2127] have 
been isolated from the leaves of Leucadendron species and Leucospermum 




Scheme 35 
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refluxum, respectively (Scheme 36). Conocarpic acid 149 and reflexin 150 
were also obtained (72JCS2450, 72JCS2457). The realization that their fi¬ 
ring bears a resemblance to 3 led to a study of the reaction between alkyl 
3-bromo-3-phenylpropionate and L-ascorbic anion (75M11). However, the 
reaction did not yield C- or O-substituted derivatives of 3. Instead, the 
corresponding (£)-cinnamates of 3-hydroxypropionic acid were obtained, 
depending on whether alkaline or acidic conditions were used. Successive 
unimolecular methylation to give 151 and (£>cinnamoylation of 5,6-0- 
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isopropylidene-L-ascorbic acid furnished 2-0-(£')-cinnamoyl-5,6-0-iso- 
propylidene-3-O-methyl-L-ascorbic acid 152, which was transformed into 
the isomeric 2-C-methyl derivative 153 via 154. 


I. Miscellaneous 

DHA gave a blue color with pyrrole, 3,4-dime thy lpyrrole, and 2,2'- 
bipyrrole (69MI1; 70MI2). On the other hand, pyrrole having substituents 
at the 2- or 2,5-positions, or other five-membered heterocycles such as 
furan, thiophene, or pyrrolidene, failed to give such a blue color when 
they were substituted for pyrrole. Although other attempts to isolate the 
reaction product failed, the use of the 6-benzoyl derivative of DHA instead 
of DHA did allow isolation. Based on IR spectroscopy and elemental 
analysis, it was concluded that the blue compound possesses an indophe- 
nine structure. 


V. Heterocycles from Rearrangement of the Furanone Ring 

A. Furan Derivatives 

Extensive studies have been reported on the products of degradation of 
3 under a variety of reaction conditions [34HCA311; 44MI1; 59BSF74; 
60NKZ13; 63JPS948; 65JPS124,65JPS181,65YZ42; 66JA246; 67ABC170, 
67ABC177; 71TL2503; 72BCJ3692, 72JOC(37)1606; 73BCJ902 ; 86MI7; 
87MI2; 90MI4], Both 3 and DHA are unstable in solution and undergo a 
variety of further degradation reactions involving fragmentation to lower 
molecular weight compounds and further dehydration to other reactive 
intermediates. In acidic media, 3 dehydrates to give 2-furfuraldehyde and 
carbon dioxide. In addition to furfuraldehyde, ethyl glyoxal, 2-keto-2- 
deoxy-L-pentono-y-lactone and L-xylosone could be isolated as their 
mono- and bis-2,4-dinitrophenylhydrazones from the degradation of DHA. 
Among the large number of degradation products produced, threonic, 
oxalic, glyceric, glyoxalic acids, and threose were also identified by gas- 
liquid chromatography-mass spectrometry (GLC-MS). From the kinetic 
point of view, it has been concluded that the degradation does not proceed 
via L-xylo-2-hexulosonic acid as an intermediate; but no experimental 
proof on that proposed pathway has been provided. On the other hand, 
another pathway was proposed based on the isolation of 3-deoxy-L-2- 
pentosulose. The degradation of 3 in methanol gives 2-methoxalylfuran 
155, but degradation in water yields 156 (Scheme 37). 
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The furfural derivative 157 that is commercially available from the degra¬ 
dation of carbohydrate is an excellent precursor for other heterocycles of 
potential application (Scheme 38). Thus, the tetracyano derivatives 159 
derived from 158 have technically interesting properties, such as electrical 
conductivity and electron storage. A two-step reaction of 159 with 8- 
methoxyfulvene gave the photochromic 161, whose rearrangement by 
irradiation with visible light gave the thermo-chromic 160, which gave 161 
under thermal conditions. Thus, such reaction pathways offer opportuni¬ 
ties for converting carbohydrates as renewable resources to material de¬ 
vices (85CB1836; 86CB2631; 87MI3, 87MI4; 88MI7, 88MI8). 


B. Pyrone Derivatives 

3-Hydroxy-2-pyrone 162 was isolated (76ABC1287) from the ether ex¬ 
tract of the heated DHA solution as a main aroma compound produced 
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Scheme 38 


from DHA. It was also detected in the reaction of DHA with methionine 
(79MI4). 3-Keto-4-deoxypentosone was also isolated from the reaction 
and was considered one of the possible intermediates in the browning 
reaction. 


C. Pyrazolinediones 

Ring-opening of the bis(arylhydrazones) of the furantriones 16 provides 
access to pyrazolinediones 163 via cyclization of the resulting carboxyl 
group with the 4-hydrazone group in base (80MI3) (Scheme 39). The 
rearrangement product of 65 in alkali when acidified was formulated by 
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Ohle (34CB1750) as the azo pyrazolinone 164. This was established by 
oxidizing it to 3-carboxyphenyl-4-phenylazopyrazolin-5-one 166. Later, 
on the basis of 'H-NMR data (72MI2), the structure was formulated as the 
hydrazone 165. The reaction could be extended to compounds with various 
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substituents on the aryl residues [68JCS(C)2248; 76CI(L)372; 77MI1]. The 
bis(semicarbazone) 67 gave 168 and 169 upon dissolution in liquid ammonia 
and acidification with dilute sulfuric acid (64CR587; 66BSF522). Similar 
treatment of a mixed phenylhydrazone semicarbazone gave 170 (83MI3). 
Moreover, the availability of the mixed bis(hydrazones) provides access 
to compounds having various substituents on the pyrazoline ring (77MI4; 
78MI6). 

Coupling a tetronic acid with benzenediazonium sulfate (55RTC1217) 
gave 54, whose reaction with acetylmethyl-hydrazine and subsequent alka¬ 
line treatment gave 178 via 173 and 172 in poor yield (Scheme 40). On the 
other hand, reaction of 54 with methylhydrazine directly gives 178 in high 
yield (81 MI 1). When the reverse order of introduction of the two hydrazine 
moieties on the tetronic acids was tried, the same pyrazolinedione was 
obtained. Thus, the reaction with various hydrazines gave 174-177 
(79JHC505). Treatment of 177 with alkali followed by the diazonium salt 
gave 178. Unexpectedly, reaction of 60 with methylhydrazine gave 171 
without isolation of the intermediate bis(hydrazone) [76CI(L)372, 76MI3], 
and the reaction could be extended to other aryl hydrazones and to the d- 
erythro analogue (78MI6; 81MI7). 



174 R'=H 177 178 

175 Pf = Ph 

176 FC=Bn 


Scheme 40 
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Another way of introducing substituents on the ring is by varying substit¬ 
uents on C-5 of the furantrione ring. In this way, compounds having 
various substituents on C-5 have been prepared (78MI4; 81MI7). Thus, 
analogues of 163 having a 1,2-dihydroxyethyl group or a 1,2,3-trihydroxy- 
propyl group or one of these groups without a side chain afforded the 
corresponding analogues of 164 bearing substituents having the D-arabino- 
and L-xylo-tetrahydroxybutyl or hydroxymethyl side chains, respectively. 
Acylation of the compounds afforded the corresponding per-O-acylated 
derivatives (76MI3; 77MI1; 77MI4, 78MI4; 80MI3; 81MI7; 85MI2; 
86MI10). 

The infrared spectra of the pyrazolinediones showed a characteristic 
band at 1660 cm -1 assigned to the carbonylamide group. The 'H-NMR 
spectra of the acylated derivatives were studied frequently and usually 
showed the presence of an NH signal at ~13 ppm, agreeing with the 
hydrazono structure and suggesting the involvement of the NH in hydro¬ 
gen bonding. The coupling constants of the protons on the side chains 
allowed conformations to be assigned (88G687). Those having a D-or l- 
threo configuration prefer the sickle conformation. However, the propor¬ 
tion of the sickle conformation is less than that of the extended zig-zag 
conformation in those having the u-erythro configuration. The D -arabino 
compound adopts an extended planar zig-zag arrangement. 

The mass spectrum of some pyrazolinediones showed the molecular ion 
peak as the base peak. This was followed by three main series of ions that 
could be characterized according to the number of carbon atoms of the 
sugar moiety present in the fragment. A possible fragmentation pattern 
has been reported (77MI1). 

The reaction of the tetronimide 17 with boiling 40% acetic acid gave 
179, whose treatment with arylhydrazines gave deoxy pyrazolinedione 180 
(54HCA1309, 54HCA1318; 60HCA1555) (Scheme 41). On the other hand, 
the bis(hydrazone) 70 rearranged with alkali to give the pyrazolinedione 
181 (77MI2). The latter afforded a monoacetyl derivative 182, confirming 
the presence of one hydroxyl group that resulted from the opening of the 
lactone ring. This led to two conclusions: the rearrangement occurred in 
a manner similar to that of other analogues, and no deoxygenation process 
occurred during the opening of the furanone ring of 70. The reaction of 
179 probably proceeds by the nucleophilic attack of the nitrogen lone pair 
of electrons on the carbonyl group followed by loss of ammonia. Similarly 
a number of the pyrazolinediones linked to other nitrogen heterocyclic 
compounds of the general structures 183 and 184 could be prepared by the 
same methods used for the aryl analogues. 

Another way of varying substituents on the ring was done by reactions 
on the preformed pyrazolones. Thus, reaction of 165 with hydrogen bro- 
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mide in acetic acid afforded a product whose structure was confirmed to 
be 185 (80MI4) (Scheme 42). The introduction of the bromine into the 
vicinal diols of 165, using HBr-AcOH, occurred via a 1,3-dioxolan-2- 
ylium ion intermediate to give a trans-bromoacetate. The inversion of the 
configuration of C-l was confirmed by X-ray crystallographic analysis of 
185 (unpublished results). The 3-bromodeoxy derivative 187 was isolated 
during the reaction of phenyl-hydrazine with 186 (78PAC1385; 79MI2). 
The formation of such a product can be explained as a consequence of the 
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Scheme 42 


rearrangement of the corresponding bis(hydrazone) by the basic nature of 
phenylhydrazine. The pyrazoline was found to be a byproduct during the 
formation of the bis(hydrazone). 

1. Pyrazolinediones Linked to Dioxolanes and Dioxanes 

This type of compound was prepared by the reactions of ketones [83MI4; 
86CC1024, 86MI6; 87MI1, 87MI5; 88JCS(P1)133, 88MI1, 88MI2, 88MI3] 
or aldehydes [86MI1, 86MI3; 88JCS(P1)139] with the glycerolyl residues 
of 165. Under kinetically controlled conditions, the dioxolanes of type 188 
were obtained from the reaction of ketones with glycerolyls having any 
configuration, whereas 189 was obtained under thermodynamically con¬ 
trolled conditions via the rearrangement of those having a threo configura¬ 
tion (Scheme 43). The erythro isomer could not be rearranged. The dioxo- 
lane 190 was prepared by the reaction of the D-erythro analogue with 
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PhCHO-ZnCI 2 whereas its reaction with PhCHO—H + gave the dioxane 
191. On the other hand, the t/ireo-analogue of 165 gave, under zinc chloride 
catalysis, the corresponding dioxane 192, whereas under acid catalysis, it 
gave dioxolane 193. 
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2. Pyrazolinediones Linked to Thiadiazoles and Thiadiazolines 

The periodate oxidation of 165 and its derivatives gave 195, which could 
be transformed into a variety of derivatives (194 and 196) (80MI8) upon 
reaction with amines, hydrazines, semicarbazide, or thiosemicarbazide 
(Scheme 44). The thiosemicarbazones 196 were cyclized to the thiadiazoles 
199 and thiadiazolines 198, which are of chemotherapeutic interest 
(80MI8). The aldehyde also affords the expected dimedone derivative 197. 
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3. Rubiazonic Acid 

Reduction of 165 with Zn/AcOH in ethanolic solution afforded substi¬ 
tuted rubiazonic acid 200, whose structure was confirmed by IR and 'H- 
NMR spectra [72JOC(22)3523]. 


D. ISOXAZOLINEDIONES 

On controlled treatment of the hydrazone oxime (71c) with sodium 
hydroxide followed by acidification, the isoxazolinedione 201 was obtained 
(82MI8; 83MI5). 


E. Pyrazolidinones 

Treatment of 97 with alkali followed by acidification gave mesoxalic 
acid phenylhydrazone monophenylhydrazide 206, whose structure was 
deduced from studying its 'H-NMR and mass spectra (73JHC1051) 
(Scheme 45). Its formation can take place by opening of the lactone ring 
to give 202 under the influence of alkali, followed by a reverse aldol 
reaction to give intermediate 204 having an aldehydic group. This then 
underwent /3-elimination to give 205 via 203, which upon protonation gave 
206. Its acetylation yielded 3-acetoxy-l-phenylpyrazoline-4,5-dione-4- 
phenylhydrazone 208, whose deacetylation gave the pyrazolidinone 207. 


F. Quinoxalinones 

The reaction of DHA and its d -erythro analogue (DHI) with o-phenylen- 
ediamine gives a variety of products, depnding on the molecular propor¬ 
tions of the reactants (34CB555; 35CB2262; 52AK369; 53JPJ309; 
54HCA1318; 57AG479; 59CB1550; 61CB1743; 64HCA1860; 66ZC329; 
78MI9). The product resulting from the condensation of one molar equiva¬ 
lent of o-phenylenediamine with C-l and C-2 was fluorescent. This prop¬ 
erty has been used for their detection and determination. The product was 
found to exist in an equilibrium mixture of 211A 211B 211C and not 
212 (86MI9) (Scheme 46). The presence of two closely related isomers was 
indicated by 'H-NMR spectroscopy, which showed the presence of two 
doublets due to H-2 and two singlets for each aromatic proton in 211B 
(86MI9). Its l3 C-NMR spectrum ruled out structure 212, since it showed 
a single resonance for C-3 in the anomeric region instead of the two 
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signals actually appearing in that region (101.6 and 105.0 ppm). The latter 
resonance was assigned to 211C which has a similar C-3 configuration to 
that of DHI, which showed it at 104.8 ppm. Thus, the reactions can start 
by forming intermediate 209, which has two chances for cyclization with 
either C-3 to give 210 or C-l to give 212 or 211. The latter was the 
preferred pathway for DH A and its analogues that have the C-3 masked in a 
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hemiacetal linkage and consequently decrease its reactivity in the cycliza- 
tion step. On the other hand, the C-3 of the aryl analogue or of DHA that 
has a protected side chain, as in 16, is more reactive. Consequently 221 is 
formed in addition to 223 via the intermediate 220 (Scheme 47). Although 
they could not be isolated, they could be trapped as their arylhydrazine 
derivatives 222 and 224. 
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The reaction of 211 with arylhydrazines was claimed to have the struc¬ 
ture 214 in its hydrated form (59CB1550). This structure was based on 
the formation of a diacetate. However, the acetate was found by X-ray 
and spectroscopic analyses to be the corresponding tri-0-acetate 
[90JCS(P 1 )2513]. The structure has also been revised to the acyclic form 
213, based on spectroscopic studies (mass and IR spectra) and periodate 
oxidation (78MI5, 78MI7, 78MI8). Its spectra indicated its existence as a 
mixture of isomers. The syn and anti isomers were given for 222, which 
were derived from the methyl analogue (85MI3). Alternatively, the tauto¬ 
meric equilibria between the hydrazone and the azo structures may be 
initiated by the transfer of a proton from the hydrazone residue to the 
nitrogen of the heterocyclic ring. 

Periodate oxidation of 213 afforded the corresponding aldehydes 216, 
whose reduction gave 219 (78MI2). During the oxidation of the correspond¬ 
ing semicarbazone, a product was isolated whose structure was formulated 
as the dimethylacetal 217 (81MI6). 

Methylation (78MI2) of 213 with dimethylsulfate in alkaline solution 
afforded the A-methyl derivative 215, whose structure has the acyclic 
form. Attachment of the methyl group to the nitrogen rather than the 
oxygen atom was proved by IR spectroscopy, which showed a band 
corresponding to the OCN group, and by 'H-NMR spectra, which showed 
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a peak corresponding to the N-methyl group. No methyl groups were 
introduced on the hydroxyalkyl side chain, which was attributed to the 
immediate precipitation of the N-methyl derivative as soon as it was 
formed (78MI3). Periodate oxidation of 215 afforded 218, which is the N- 
methyl derivative of 216. Reduction of both 216 and 218 afforded the 
corresponding alcohols 219, whose acetylation afforded the respective 
acetates. 

1. Imidazolyl Quinoxalinones 

This type of compound (226) was prepared by the reaction of the dianili- 
noethane with aldehyde 216 (78MI2). 

2. Triazolyl Quinoxalinones 

This type of compound was prepared from aldehydes 216 by conversion 
into the bis(arylhydrazone) 225, which, upon reaction with copper sulfate, 
afforded the corresponding triazoles 227 (Scheme 48). When 216 was 
allowed to react with amines or hydrazines having substituents that differ 
from that in 216, the corresponding mixed bis(hydrazones) 228-230 were 
prepared. Attempted oxidation of bis(benzoylhydrazone) 231 with iodine 
and mercuric oxide to give 232 was investigated (80MI7). 

3. Pyridazinonyl Quinoxalinones 

Reaction of 216 with ethoxycarbonylmethylidene triphenylphosphorane 
gave 233, which was successfully cyclized to 238 (81MI2; 87H2I0I) 
(Scheme 49). This reaction is a general method for synthesizing pyridazi- 
nones. The stereochemical outcome of the reaction of 216 with the phos- 
phorane was found to afford the trans isomer 233, as anticipated from a 
Wittig reaction. Inspection of models indicated this isomer could not be 
cyclized. Its cyclization could be achieved experimentally as a conse¬ 
quence of the thermal preisomerization of 233 into the cis isomer 236, 
which led to its facile cyclization to 238. 

Attempted cyclization of 233 with alkali afforded 234 in addition to 238, 
resulting from the elimination of one molecule of water from the hydrazone 
residue and the quinoxalinone ring and simultaneous hydrolysis of the 
ester group. This indicated the presence of two competitive reactions 
under conditions of cyclization. The structure of 234 was proved by its 
preparation by hydrolysis of 235. The latter was prepared by the reaction 
of aldehyde 237 with the phosphorane. The structures were confirmed by 
studying their 'H-NMR and mass spectra. 
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Scheme 48 


4. Diazetyl Quinoxalinones 

Few reports are described (45RTC112; 47ACS54) regarding the diazete 
ring system. When aldehyde 216 reacted with acetic anhydride in pyridine, 
it did not afford any of the anticipated acetyl derivatives, such as 240, but 
the structure of the product may be deduced as a l,2-diazet-3-yl-l//- 
quinoxalin-2-one 239a or a furoquinoxalin 239b (unpublished results) 
(Scheme 50). The IR spectrum showed bands at 1615, 1635, 1705, and 
1775 cm -1 . The 'H-NMR spectrum of 239 showed two singlets at 1.99 
and 2.76 ppm, due to the two acetyl groups. The singlet at 6.12 ppm 
is due to the CH attached to two heteroatoms. The aldehydic 
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proton (anticipated at 9.6 ppm) as well as the 2 NH signals (at 11.23 and 
12.63 ppm) of its precursor 216 disappeared in the spectrum of 239. Its 
l3 C-NMR spectrum showed resonances at 20.65 and 22.38 ppm (due to the 
carbons of the two methyl groups) in addition to the two signals in the 
downfield region of the spectrum at 160.21 and 167.67 ppm (due to the two 
carbonyl groups). These data confirmed the presence of the two acetyl 
groups. The resonance at 89.69 ppm confirmed the presence of a carbon 
attached to two heteroatoms. In addition, the spectrum showed the pres¬ 
ence of four resonances due to the six carbons of the phenyl group at 
128.12, 128.46 (2C), 129.83 (2C), and 129.89 ppm. The spectrum also 
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showed resonances at 138.27, 141.17, and 141.54 ppm (due to the 2 C=N 
and CO), whereas the resonances at 127.86,128.05,128.27,130.06,130.89, 
and 131.38 ppm were due to the fused benzene ring. 

5. Pyrazolyl Quinoxalinones 

The glycerol portions in molecules 213 and 215 were found to be easily 
dehydrated with simultaneous ring-closure with the hydrazone residue, 
under the action of an acid catalyst to give pyrazoles 242 and 244, respec¬ 
tively (59CB1550; 78MII; 86G721; 88MI6; 89MI1; 89MI6) (Scheme 51). 
When the reagent was acetic anhydride, a simultaneous acetylation also 
occurred to give the corresponding acetylated derivatives 241 and 245, 
respectively. Acetylation of 242 gave 241, and deacetylation of 241 gave 
242, indicating their similarity in the basic skeleton of the heterocyclic ring. 
This dehydrative cyclization was found to be general for such compounds. 
Thus, compounds having various combinations of substituents on the 
quinoxalinone ring or the pyrazole ring can be prepared. Methylation of 
242 gave 244, and its oxidation with potassium permanganate gave the 
carboxylic acid 243. The IR spectra of the products showed an amide 
band. The 'H-NMR spectra of the acetylated derivatives 241 and 245 
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showed signals for one acetyl group and singlets for one methylene group, 
indicating the absence of a carbon-bearing proton adjacent to it. Moreover, 
one N—H signal appeared in 241-243, whereas one N—Me signal ap¬ 
peared in the case of the methylated derivatives. Their mass spectra were 
also studied. Reaction of 241 and 242 with POCl 3 in DMF gave 246 and 
247, respectively. 
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6. Pyrazoloquinoxalines ( Flavazoles ) 

The formation of 1-arylflavazoles from reducing sugars not substituted 
on 0-2 and 0-3 is a general reaction (41CB279, 41CB398; 84JOC2204). 
The reaction proceeds through the formation of an arylhydrazone group 
on C-3 of a sugar moiety attached to a quinoxaline ring. This prerequisite 
intermediate in flavazole synthesis could be generally formulated as 124 , 
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which, on treatment with alkali, gave the 1-arylflavazole 248 . The re¬ 
arrangement of 124 proceeds in one hour in boiling dilute aqueous sodium 
hydroxide, but fission of the polyhydroxyalkyl side chain occurs in more 
concentrated alkaline solution. On the other hand, dissolution of 124 in 
alkali, followed immediately by acidification, regenerates the starting ma¬ 
terial. Formation of flavazoles from 3 via 124 provides an inexpensive and 
simple route to flavazoles otherwise obtained from L-galactose or L-talose. 
Various derivatives with groups on the aromatic rings as well as other 
isomers of the hydroalkyl residues were prepared (78MI1; 86MI4; 89MI5). 
Acylation of flavazoles afforded the corresponding tri-O-acylated deriva¬ 
tives 249 , whose conformations were studied (90MI3) (Scheme 52). Reac¬ 
tion of 248 with hydrogen bromide in acetic acid afforded the dibromoace- 
tate 254 . Acetalation of 248 gave the corresponding acetals (89MI2,89MI3, 
89MI4). Periodate oxidation of 248 gave the aldehyde 253 , whose reduction 
followed by acetylation gave 251 and 252 , respectively. Reaction of 253 
with thiosemicarbazide gave 256 , which could be transformed into the 
thiadiazoles and thiadiazolines 257 and 255 , respectively. The correspond¬ 
ing oxadiazoles and oxadiazolines were also prepared from the aroylhydra- 
zones of 253 (90MI1). 

The phenyl and heterocyclic analogues of ascorbic acid gave 222 , which, 
upon similar treatment with alkali, formed 250 (80MI6). 

The mass spectral data of the flavazoles indicate the presence of the 
usual series of ions arising by elimination processes involving the suger 
moiety attached to the flavazole ring. The principal fragmentation is rup¬ 
ture of the C-l—C-2 bond of the sugar moiety, giving the group of ions 
corresponding to B + 29, B + 30, and B + 31 (B is the heterocyclic 
ring). These ions frequently appear in the mass spectra of nucleosides. 
Complete loss of the sugar moiety gives rise to B, BH and B 4- 2 ions. 


G. Quinoxalines 

Compounds such as 261 , 263 , and 264 can be prepared by the reaction 
of two molar equivalents of an o-diamine with DHA or its analogues 
(Scheme 53). Alternatively, they can also be obtained by the reaction of 
one molar equivalent with 210 . The structure of the product was found to 
be 263 , whatever the substituent on the C-5 of the furantrione ring. The 
amino group of 263 could be selectively acetylated, and acid hydrolysis 
gave the lactone 210 (64HCA1860; 66HCA2426), as confirmed spectro¬ 
scopically (85MI1; 86MI9). Note that other structures having Schiff base¬ 
like derivatives or tricyclic rings had been proposed in the early investiga¬ 
tions on such condensation products (34CB555, 34CB1750; 52AK369). 
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Compounds with various substituents on the aromatic ring and other 
analogues also have been prepared (77JHC927; 84MI2). 

The reaction of the oxidized form of halogenodeoxyascorbic acids with 
o-phenylenediamine gave products formulated as Schiff base derivatives 
(80HCA1728). However, such structures should be reinvestigated. In a 
recent study, a possible reaction pathway was deduced by a sequential 
reaction of two different o-diamines with the D-erythro analogue of DHA. 
The mechanism of reaction of the first molecule to give 211a was discussed 
in Section V,F. The reaction of the second molecule of diamine with 211a 
most probably takes place through path ii by nucleophilic attack of the 
amino group on the anomeric carbon atom to give 258, rather than by 
attack on the amide group to give 259. Transformation of 258 to 263 can 
be effected by the attack of the second amino group on the C=N of the 
quinoxalinone ring to give the spiro intermediate 260, whose re¬ 
arrangement gave 263. Alternatively, the first step may be the attack of 
the amino group on the C=N of 211a to give 263 as well. A similar 
mechanism can be proposed for the reaction of DHA with o-diamines. 
However, the corresponding reaction with derivatives of DHA or its phe¬ 
nyl or methyl analogues may follow another mechanism because of the 
difference in the structure of the parent compounds, particularly in the 
first step, where the reactivity of C-3 may compete with C-l. 

Polarographic studies on the reaction of DHA with phenylene diamine 
(61BCJ518; 67MI4; 83BCJ2033). showed, in acidic buffers, three cath¬ 
odic DC-waves (E 1/2 = -0.240, -0.412 and -0.634V vs. SCE, at PH 3.6), 
which differs appreciably from the behavior of the other dehydro- 
reductones with the diamine. The polarographic behavior of each product 
from the reaction of DHA with the diamine was compared to that of the 
three waves, and the reaction mechanism was discussed. 


H. Pyrido[2,3-6]pyrazines 

These compounds were prepared by the reaction of DHA with 2,3- 
diaminopyridine to give an intermediate, presumably a result of reaction 
on the C-l and C-2 carbonyls, trapped as its phenylhydrazone 267 (Scheme 
54). The structural assignment of the product as 267 and not 266 was based 
on considerations of the relative reactivities of the two amino groups of 
the diamine and the carbonyl groups of DHA. Periodate oxidation of 267 
gave 270. Reaction of 267 with alkali gave the pyrazolo-azaquinoxaline 
268, whose acetylation gave the corresponding acetate 269 (unpublished 
results). 
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-OR CHO 

R °- 270 

-OR 


268 R= H 

269 R= Ac 

Scheme 54 


I. 1,2,4-Triazines 

Treatment of bis(semicarbazone) 67 with dilute sodium hydroxide af¬ 
forded the sodium salt of L-tftr<?o-2,3-hexodiulosonic acid 2,3-bis(semicar- 
bazone), which, upon heating, afforded 271 (66BSF522) (Scheme 55). 
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h 2 ncohn-n n-nhconh 2 


J. Pyridazino[4,3-c]pyridazines 

Acetylation of the monoarylhydrazones 60 gave the olefinic acetates 76. 
When 76 was allowed to react with methylhydrazine, the product was 
not the anticipated mixed bis-hydrazone. A more complicated reaction 
occurred which lead to a bicyclic compound, resulting from the consump¬ 
tion of two moles of the methylhydrazine [76CI(L)372, 76MI3; 77MI1, 
77MI4; 78MI6; 80JHC617]. Its IR spectrum showed the presence of a 
carbonyl amide band at 1640 cnT 1 , whereas the lactone and the acetyl 
bands of its precursor had disappeared. The ‘H-NMR spectrum showed 
the presence of two adjacent methylene groups as two triplets at 2.73 
and 3.30 ppm, two methyl groups at 3.15 and 3.48 ppm, and an NH at 
13.56 ppm. Its mass spectrum showed a molecular ion peak at mlz 284. 

These data agreed with either structure 2,6-dimethyl-3,4-dioxo- 
2 ,3,4,6,7,8-hexahydropyridazino[4,3-c]pyridazine-4-(arylhydrazone) 278 
or l-methyl-3-(l-methylpyrazoline-3-yl)-4,5-pyrazole-dione-4-(arylhydra- 
zone). The latter was originally proposed for the product based on the 
assumption that a rapid rearrangement of the mixed bishydrazone, induced 
by the basic nature of the hydrazine Into the corresponding pyrazoledione, 
took place. The latter was then cyclized on reaction with another molecule 
of the hydrazine. However, X-ray crystallography of the corresponding 
p-bromophenyl derivative showed that the structure was 278 (80JHC617) 
(Scheme 56). 

Recently, a mechanism for the reaction was proposed based on the 
results of a study employing a quantum chemical calculation of the olefinic 
acetate 76 (90MI2). Thus, nucleophilic attack of hydrazine on 76 may 
occur at its various electrophilic centers. The electronic densities at these 
centers, decrease in the order C-5 > C-4 > C-3 > C-l. These data indi- 
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cate that C-l should be the most electrophilic center in 76. Consequently, 
the attack of methylhydrazine on 76 may occur on the lactone carbonyl 
rather than on the C-3 carbonyl. Scheme 56 shows the suggested mecha¬ 
nism. Thus, N-l of the methylhydrazine attacks the carbonyl lactone to 
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give 272. A proton shift and ring opening may give 273 via 274. A second 
molecule of the methylhydrazine may then react with the C-3 carbonyl. 
Two alternative cyclizations seem feasible. Intermediate 273 tautomerizes 
and accepts a proton to give 276, which undergoes two types of cycliza¬ 
tions, whereby water and acetic acid molecules are eliminated to give 278. 
Alternatively, elimination of acetate anion from 273 gives the unsaturated 
ketone 275 that cyclizes via a conjugate addition to give 277, which further 
cyclizes to 278. 


K. Perhydropyrazolopyridazines 

Another type of pyridazine derivative was obtained by the reduction of a 
bis-hydrazone with lithium aluminium hydride. The structure of product 
279 was tentatively assigned on the basis of spectral and chemical methods 
[72JOC(22)3523], 



Scheme 57 
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L. Pyrido[3,4-6]indole 

The reaction between 3 and L-tryptophan in phosphate buffer gave 
several products, two of which were determined to be l-(2-furyl)-pyri- 
do[3,4-6]indole 280 and 1 -(2-furyl)-pyrido[3,4-6]indole-3-carboxylic acid 
281 (80CPB3143) (Scheme 57). Independently, several substances with 




Scheme 58 



Sec. V.N] 2,3,4-FURANTRIONES 301 

antioxidant activity were isolated from the mixture of DHA and tryptophan 
in ethanol. One of the main antioxidants was obtained in crystalline form 
from an n-butanol extract of the reaction mixture. Its structure was pro¬ 
posed to be a condensate of DHA with tryptophan, as in 282 (82ABC1199, 
82ABC1207). 


M. Quinoline Derivatives 

When DHA was allowed to react with p-amino-benzoic acid and hydro¬ 
chloric acid, 6-carboxy-2-hydroxy-4-hydroxymethylquinoline (283) was 
obtained (64AK121). 


N. l-Glyceraldehyde and the Synthesis of 
Natural Products 

L-Ascorbic acid was used as a precursor for chiral building blocks via 
its convenient transformation to (5)-2,3-0-isopropylideneglyceraldehyde 
285 (80JA6304; 82H327; 86T447) (Scheme 58). Thus, the acetonide in a 
multi-step, one-pot procedure was treated with sodium borohydride, 
which presumably reduces the ene-diol, followed by cleavage of the borate 
ester and the lactone ring with excess sodium hydroxide. This was fol- 



289 R=H 

290 R = PhOCS- 




291 



292 


293 


Scheme 59 
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lowed by careful neutralization, probably to give 284, which without isola¬ 
tion was treated with lead tetraacetate to finally give 285. Alternatively, 
the readily available acetonide 81 was transformed to 285 by reduction, 
hydrolysis, and cleavage with periodate. Glyceraldehyde 285 is a versatile 
chiron that can be transformed into various types of natural products and 
biologically important molecules such as 286-288. 

L-Threonate 289 obtained from 3 was converted to thiocarbonate 290, 
which, on deoxygenation with Bu 3 SnH/AlBN, gave dihydroxybutanoate 
291 (Scheme 59). Treatment of 291 with aqueous H 2 S0 4 in tetrahydrofuran 
gave lactone 293, while reduction of 291 with LiAlH 4 gave butanetriol 292 
(88S226). 
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2,3-Dihydro-l,4-diazepines, 17, 1 

1.2- Dihydroisoquinolines and related 
compounds, 14, 279; 40, 105 
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hydrocarbons, 26, 1 
Heterocyclic chemistry 
applications of phase-transfer catalysis in 
36, 175 

literature of, 7, 225; 25, 303; 44, 269 
Heterocyclic compounds 
application of Hammett equation to, 3, 
209; 20, 1 

(2 + 2)-cycloaddition and (2 + 2)- 
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esters with, 1, 125; 23, 263 
Heterocyclic diazo compounds, 8, 1 
Heterocyclic ferrocenes, 13, 1 
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and ipso-substitutions, 48, 1 
Literature of heterocyclic chemistry, 7, 225; 
25, 303; 44, 269 


M 

Mass spectral techniques in heterocyclic 
chemistry: applications and 
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systems, 16, 87 

Nitrogen heterocycles (see also N- 
Heterocyclic compounds) 
advances in amination of, 49, 117 
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Thiadiazines with adjacent sulfur and 
nitrogen ring atoms, 50, 255 
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Acenaphth[5,6-6c]oxepinium salts, 7,8- 
dihydro-, 51, 79 

Acenaphth[5,6-hc]oxepin-4-ones, 2-aryl-7,8- 
dihydro-, 51, 79 

Acenaphthylenes, formation by S extrusion 
from didehydronaphthof 1,8-icJthio- 
pyrans, 51, 64 
Acenaphthylene 

addition of dichlorosulfonamide, 51, 67 
ozonolysis, 51, 60 
reaction with hydrazoic acid, 51, 56 
Aceperimidine-2-thione, reaction with 
chloroacetic acid, 49, 75 
Acetic anhydride, nitration in, 47, 41 
Acetoacetamides, adducts with 1,2,4- 
triazines and 1,2,4-triazinium salts, 
46,96 

Acetone, adduct with 6-phenyl-1,2,4-triazin- 
3-one, 46, 88 


Acetonylacetone, hydrazine adduct, 49, 429 
Acetophenone oxime, conversion into 2- 
phenylpyrrole, 51, 183, 188, 192, 194 
Acetyl nitrate, in nitration, 47, 41 
Acetylation 

of 6-aminouracils, 47, 350 
of thieno-thiophenes, 47, 266, 269 
methods and quantitative studies, 47, 64 
rates in thiophenes, 47, 105, 108 
Acetylenes 

addition to 1,3-thiazadienes, 50, 95, 97 
insertion into palladacycle, 51, 57 
pyrroles from, with ketoximes (review), 
51, 177 

Acetylene under pressure, 51, 196 
Acetylene, bis(trimethylstannyl)-, 
cycloaddition with, 49, 395 
Acetylene, ethoxy-, reaction with oximes, 
51, 281 

Acetylenedicarboxylic esters 
condensation with 
anthraniloylhydrazides, 52, 22 
benzimidazoline-2-thione, 49, 6, 98 
l,3-diazepane-2-thione, 49, 31 
3-diazooxindole, 52, 23 
imidazoline-2-thiones, 49, 6, 10, 12, 
47,49 

3(2/f)-isoquinolinone, 52, 166 
perimidine-2-thione, 49, 74 
thioureas, 49, 10, 47 
3-thioxo-l,2,4-triazin-5-ones, 49, 26 
cycloaddition to 

1- alkylbenzimidazole, A-imines, 53, 

204, 205 

naphtho[l ,8-c<fl[l ,2,6]thiadiazine, 
51,77 

perimidinium A-imines, 53, 204 

2- phenyl-l,2,3-triazole 1-phenylimines, 

53, 206 

phthalazinium betaines, 50, 8 
thiazolium A-imines, 53, 204 

1,2,4-triazole 4-imines, 53, 204, 205 
triphenylpyrrol-3-one 1-oxide, 51, 110 
reaction with 

2-amino-l,3-thiazines, 50, 144 
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3,4-dihydro-4-oxoquinazoline-2-thione, 
49, 65 

4-ethoxyquinazoline, 52, 70 
mesoionic thiazoles 49, 81, 84, 85, 87 
methylhydrazones, 51, 244 
2-methy!-3-arylquinazolin-4-one, 52, 

116 

4-methylquinazoline, 52, 118 
oximes, 51, 253, 263, 281 
see also Acetylenic esters 
Acetylenic alcohols, from ketoximes and 
acetylene, 51, 263 
Acetylenic esters 
condensation with 1,8- 

naphthalenediamine, 51, 86 
reaction with thioureas, 50, 92 
see also Acetylenedicarboxylic esters, 
Propiolic esters 

Acid-catalysed hydrogen exchange, 47, 7 
kinetic isotope effects, 47, 10 
quantitative data for 
furans, 47, 90 
pyrroles, 47, 91 
selenophene, 47, 90 
thiophenes, 47, 87 

quantitative measure of reactivity, 47, 27 
solvents for, 47, 11 
steric effects, 47, 12 
Acidity, of 

/V-aminoazoles, 53, 149 

1.2.4- benzothiadiazine 1,1-dioxides, 50, 
286 

4-hydroxy-2-pyrones, 53, 11 
methylpyridazines, 49, 425 

1.2.4- thiadiazine 1,1-dioxides and oxo 
derivatives, 50, 286 

Acidity function H , 51, 181 
Acridines 

halogenation, 47, 384 
nitration, 47, 374 

Acridine-9-oxide, nitration, 47, 376 
Acridizinium ion 
nitration, 47, 374 
sulfonation, 47, 388 

Activation parameters in nitration, 47, 55 
Acyl transfer, from acylthio-pyridines and 
-pyridinium salts, 48, 44, 45 
Acylation, of 

benzo[6]-fused rings, 47, 202 
[ 1 ]benzothieno[2,3-6] and [3,2-6] pyrroles, 
47, 258 


benzyl ketones, forming benzo[c]pyrylium 
salts, 50, 166 

dihydro-pyrrolo-indoles, 47, 259 
4W-pyrrolo[ 1,2-a]benzimidazole, 47, 259 
selenolo[6]benzothiophenes, 47, 258 
selenolo-fused five-membered rings, 47, 
271 

1,3-thiazines, 50, 140 
thieno[6]benzoselenophenes, 47, 258 
Acylation, nucleophilic, in 1,2,4-triazines, 
46, 105 

Acylation, quantitative studies, 47, 64 
Acyloins, enantiospecific synthesis, 49, 253 
1-Adamantanol, activation and 
condensation, 48, 50 
cr-Adducts of 1,2,4-triazines, 46, 84 
Adenine 

base-catalysed hydrogen exchange, 47, 
233 

transamination with benzylamine, 49, 176 
Adenosines, JV(6)-alkyl-, 49, 170 
Adenosine, base-catalysed hydrogen 
exchange, 47, 233 

Adenosine triphosphate synthesis inhibitors, 
pyrone derivatives, 53, 3 
Adenosine, 8-oxo-, Anamination, 53, 107 
jS-Adrenoacceptor antagonists, pyridazines, 
49, 436 

Adrenochrome, reaction with ascorbic acid, 
53, 269 

Adrenomimetics, pyrimido-quinazolines, 

52, 92 

Agrochemicals, perhydropyrrolo[l,2-a]pyri- 
midin-6-ones, 49, 257 
Agroclavine, l-methoxy-6,7-seco-, 51, 150 
Air oxidation of 1,2,4-triazolines, 46, 255 
Aldehydes 

reaction with nucleophilic carbenes 
derived from 1,2,4-triazolium salts, 
46, 263, 264 

synthesis from triazolines, 46, 261 
Aldoximes 

failure to form pyrroles, 51, 250 
nitriles from, 51, 251, 281 
Algicides, 1,3-thiazines, 50, 150 
Alkenylidenecyclopropanes, cycloaddition 
to 1,2,4-triazolinediones, 48, 263 
Alkoxy groups, displacement by amines. 49, 
139 

Alkoxycarbonylation of imidazole, 47, 67 
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Alkoxydiazenium salts, cycloaddition, 46 , 
228, 229 
Alkyl groups 

activation by, Baker-Nathan effect, 47 , 92 
branching of, effect on alkylamine 
reactivity, 49 , 121 
pyrrole, 47 , 102 

Alkylation, quantitative studies, 47, 62 
Alkylation, of 

1- alkylpyrazoles, 47 , 170 
N-aminoazoles, 53, 161 
benzo[6]-fused rings, 47 , 201 
furan, 47 , 102 

2- methoxycarbonylmethylene-l ,3- 

thiazine-5-carboxylic ester, 50, 139 
2-methylamino-l,3-thiazine-5-carboxylic 
ester, 50, 139 
pyridazinium ylids, 49 , 412 
pyrroles, 47 , 102 
thiophene, 47 , 102 

1,2,4-triazolines, 46 , 273 
Alkylation, nucleophilic, in 1,2,4-triazines, 
46 , 103, 104, 120 

Alkylation, reductive, of amino-azines, 49, 
178 

Alkynylation of 3-halopyridazines, 49, 410 
Allene, l,3-di(methoxycarbonyl)-, reaction 
with thiourea, 50, 92 

Allenes, cyclic, MINDO calculations, 46 , 42 
Allene, 1-acetyl-1-methyl- oxime, 51, 118 
Allosedamine, 49 , 202 
Alloxazine, nitration, 47 , 378 
Aluminohydride reduction, see Lithium 
tetrahydroaluminate 
Aluminum amalgam 
hydrogenolysis, 46 , 13 
reduction of 1,3-thiazines, 50, 123 
Amebicide, 1,3,4-thiadiazolo-quinazolines, 
52, 66 

Amezinium, detection, 49 , 440 
Amezinium sulfate, 49 , 435 
Amide zip reactions, 46 , 56 
Amidines, by amination of Schiff bases, 53, 
166 

Amidines, cyclic, basicities, 50, 45 
Amidines, N-chloro-N'-phenyl-, reaction 
with SC1 2 , 50, 278 

Amidines, pyridazinyl, rotational barriers in, 
49 , 427 

Amidoalkylation, in dihydro-3(2//)- 
isoquinolinone synthesis, 52, 69 


Amidoximes, reaction with acetylenes, 51, 
283 

Amidrazones, nomenclature, 46 , 172 
Amidrazones, N-acyl-, reaction with 
phenacyl halides, 53, 98 
Amidrazonium salts, alkylidene, ring-chain 
tautomerism in, 46 , 187 
N-Aminating agents, 53, 88 
C-Amination by N-aminoazoles, 53, 158 
Amination, of 
azinones, 49 , 125 
halo-azines, 49 , 135 
halopyridazines, 49 , 414 
nitrogen heterocycles (review), 49 , 117 
pyridazines, 49 , 406 
Schiff bases to amidines, 53, 166 
N-Amination, of 
azoles, 53, 88 
maleic hydrazide, 49 , 408 
Amination, Chichibabin, of azines, 49 , 179 
Amination, oxidative, of 
azines, 49 , 180 

1.2.4- triazines, 46 , 120 

Amination methods, comparison of, 49 , 183 
Aminoacids, reaction with dehydroascorbic 
acid, 53, 242 
Aminoalkylation 
of 4-hydroxy-2-pyrones, 53, 37 
quantitative studies, 47 , 63 
a-Aminoazo compounds, 1,2,4-triazolines 
from, 46 , 178 

Amino-azoles, diazotization, 48 , 156 
N-Aminoazoles (review), 53, 85 
Amino-demethoxylation of 4-methoxy-2- 
pyrones, 53, 44 

t-Amino-effect, in 1-(dialkylamino)anthra- 
quinones, 51, 38 

N-Amino-heterocycles, reaction with 
dehydroacetic acid, 53, 60 
Aminolysis of 2-halopyridines, 49 , 121 
Aminolysis of 3-halopyridines, N-oxides, 52, 
214 

N-Amino purines, oxidation, 53, 176 
Analeptics 

fused 1,2,4-triazoles, 49, 280, 363 
imidazo-quinazolines, 52, 33 
quinazolino-quinazolines, 52, 96 
Analgesics 

l-amino-5-alkoxypyrazoles, 53, 213 

1.2.4- benzothiadiazines, 50, 2% 
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benzotriazocines, 50, 56 
1,5-diazocanes, 46, 59 
1,2-diazocines, 50, 26 
imidazo-quinazolines, 52, 33 
3(2//)-isoquinolinones, 52, 178 
oxazino-quinazolines, 52, 98 
perhydro-pyrrolo[l ,2-«]pyrazines. 49,246 
phthalazino-quinazolines, 52, 86 
pyrazolo-quinazolines, 52, 24 
pyridazinones, 49, 435 
pyrido-quinazolines, 52, 78 
pyrrolo-quinazolines, 52, 15 
quinazolino-quinazolines, 52, 96 
tetrazolo-quinazolines, 52, 70 
thiazolo-quinazolines, 52, 50 

1.2.4- triazino-quinazolines, 52, 113 

1.2.4- triazolo-pyrimidines and analogs. 
49, 337 

triazolo-quinazolines, 52, 61 
Analytical studies of pyridazines, 49, 440 
Anaphylaxis inhibitors 
pyrazolo-quinazolines, 52, 24 
thiazolo-quinazolines, 52, 50 

1,2,4-triazolo-pyrimidines and analogs, 
49, 337 

triazolo-quinazolines, 52, 61 
Angiotensin-converting-enzyme inhibitors. 
perhydro-pyrrolo[2,1 -cj[ 1,4]thiazines, 

49, 254 

Anhydrobases from benzo(r]pyrylium salts, 

50, 186, 226, 230 

Aniba dimers, pyrone derivatives, structure, 
53, 34 

Aniline, o-morpholinomethyl-, oxidative 
cyclization, 52, 100 

Aniline, /V-pivaloyl-, olithiation, 52, 225 
Anisyl groups 
/pxo-substitution in, 50, 175 
oxidative removal of, 50, 176 
|10]Annulenes, 1,6-methano-, coupling with 
diazoazoles, 48, 128, 131, 166 
Anomeric effect, in saturated 6/5 systems, 
49, 261 

ANRORC nucleophilic substitution 
in benzo[r]pyrylium salts, 50, 181 
in 3-halopyridazines, 49, 417 
in 1,2,4-triazines, 46, 125 
ANRORC rearrangements in halo-azines, 
49, 180 

Antagonists of benzodiazepine tranquillizers 

l,2,4-triazolo[[4,3-b]cinnolines, 49, 325 


Anthelmintics 

2,1,4-benzothiadiazines, 50, 298 
1,5-diazocanes, 46, 59 
1,3-diazocines, 50, 33 
triazolo-thiadiazines, 53, 213 
Anthracene, I-acyl- hydrazones, 
cyclization, 51, 68 

Anthracene, 9-propargyloxy-, Claisen 
rearrangement. 51, 47 
Anthracene 1,4.5,8-tetrahydro-1,4:5,8- 
bisendoxide, 53, 179 
Anthracenium ion. 47, 8 
Anthranils, 3-aryl-, reaction with 
Lawesson's reagent, 46, 32 
Anthranils. sec also 2,1-Benzisoxazoles 
Anthranilamides, condensation with 1,4- 
dielectrophiles, 52, 8 
Anthranilamide, condensation with o- 
benzoylbenzoic acid, 52, 18 
Anthranilic acids, esters, condensation with 

2- alkoxypyridines, 52, 74 

3- amino-5-pyrazolinones, 52, 21 
caprolactim ethers, 52, 118 

2- chlorobenzothiazoles, 52, 52 

3- chloro-2//-l,4-benzoxazines, 52, 101 
2-chlorobenzoxazoles, 52, 41 
2-chloro-l,3,4-oxadiazo!es, 52, 63 

4- chloroquinazolines, 52, 96 
2-chloro-l,3,4-thiadiazoles, 52, 65 
chloro-l,3,5-triazines, 52, 113 

cyclic imino-thioethers, 52, 100, 105, 120, 
121, 123 

/3-haloalkyl isocyanates, 52, 39 
2-halopyridines, 52, 74 
2-haloquinolines, 52, 79 
piperidin-2-ones, 52, 74 
potassium A/,A/'-dicyanobenzamidine, 52, 
113 

4W-l,3-thiazine-2-thiones, 52, 103 
a-thiocyanato-ketones, 52, 44, 51 
thiolactams. 52, 121 
Anthranilic acid, condensation with 
2-(bromomethyl)benzyl cyanide. 52, 81 

1- chlorophthalazines, 52, 86 

2- chloropyrimidines, 52, 89 

cyclic imino-ethers (lactim ethers), 52, 97, 
118, 124, 125, 126 

cyclic imino-thioethers, 52, 120, 121, 123 
isoxazolidin-3-one, 52, 36 

3- methylthio-l,2,4-triazinones, 52, 109 
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4-thiohydantoin, 52, 29 
3-thioxoquinazolin-4-ones, 52, 94 
l,2,4-triazolin-3-ones, 52, 57 
Anthranilic acid, 5-nitro-, condensation with 
pyridine, 52, 75 

Anthranilic acid chlorides, dimerization, 

46 , 24 

Anthranilic acid trimer, 52, 125 
Anthranilic ester, condensation with 
phthalimide, 52, 19 

Anthranilic hydrazide, condensation with 
levulinic acid, 52, 85 
Anthranilonitrile, condensation with 
3,l-benzoxazin-4-ones, 52, 95 
3-methylisocoumarin, 52, 80 
Anthranilopapaverine, rearrangements, 

52, 82 

Anthrapyridones, 51, 54 
Anthraquinones, by oxidation of 
benzo[c]pyrylium salts, 50, 215 
Anthraquinone mono-anil, photocyclization, 
51, 58 

Anthraquinone 9-oxime, 1 -chloro-, 
cyclization, 51, 45 

Anthraquinones, 1-amino-, anthrapyridones 
from, 51, 54, 55 

Anthraquinone, 1-amino-, benzo- 
perimidines from, 51, 74 
Anthraquinones, 1-anilino-, naphtho- 
acridones from, 51, 54, 55 
Anthraquinone, 1-azido-, thermolysis, 51,45 
Anthraquinones, 1-dialkylamino-, t-amino 
cyclization, 51, 38 

Anthraquinone, 1-glycylamino-, cyclization, 
51, 88 

Anthraquinone, l-nitroso-2-isopropyl-, acid 
decomp, 51, 45 

Anthraquinone, 1-thiocyanato-, 
ammonolysis, 51, 45 
Anthraquinone-l-acetamide, cyclization, 

51, 56 

Anthraquinone-1-acetic acid, cyclization, 
51, 47 

Anthraquinone-l-carboxylic acid, 
cyclization 

with hydrazines, 51, 69 
with hydroxylamine, 51, 68 
2,7-Anthrazoline. 52, 263 
Anthro[l,9-e/]-l,4-diazepine-3,8-dione, 2,4- 
dihydro-, 51, 88 


6//-Anthro[9,l-hc]furan-6-ones, 51, 14 
Anthro[9,l-«/]isothiazol-6-one, 51, 45 
Anthro[l,9-c</]isoxazol-6-ones, 51, 45 
Anthro[9,l-c</]isoxazol-6-one, 51, 45 
Anthro[l,9-</e][l,3]oxazines, 2,3-dihydro-, 
51, 38 

Anthro[9, \-cd\[\ ,2]oxazine-3,7-dione, 51, 
68, 69 

Anthro[9,l-hc]pyran, 2-methyl-, 51, 47, 51 
Anthro[ 1,9-hc]pyran-2,7-dione, 1-cyano-, 
51, 47 

Anthro[9,l-hc]pyran-2,7-dione, 51, 47 
Anthro-pyrrolones, see 
Dibenz[a/,g]indolones, 
Naphth[c</]indolones 
Anthro[l,9-hc]thiophen-6-ones, 51, 17 
Anthro[9,l-hr]thiophen-6-ones, 51, 18 
Antiallergic agents 
imidazo-quinazolines, 52, 33 
pyrazolo-quinazolines, 52, 24 
pyrido-quinazolines, 52, 79 
tetrazolo-quinazolines, 52, 70 
thiazolo-quinazolines, 52, 50 
[ 1,2,4]triazolo[3,4-c] [ 1,4]benzotriazin-4- 
ones, 49 , 347 

triazolo-quinazolines, 52, 61 
Antiamoebic agents, see Amebicides 
Antianaphylactics 
pyrido-quinazolines, 52, 79 
tetrazolo-quinazolines, 52, 70 
Antianxiolytic agents, 1,2,4-triazolo- 
benzodiazepines, 49 , 36 
Antiaromaticity of diazocines, 46 , 42: 50, 44 
Antiarrythmics 

1,4-dihydro-3(2tf l-isoquinolinones, 52, 
179 

perhydro-pyrrolo[l,2-a]pyrazines, 49 , 244 
pyrrolo-quinazolines, 52, 15 
Antiasthmatics 
pyrido-quinazolines, 52, 79 
thiazolo-quinazolines, 52, 50 
Antibacterials 

1.3- diazocan-2-ones, 50, 32 

1.3- diazocines, 50, 35 
2-diazoimidazole-5-carboxamide, 48 , 162 
diazoindoles, 48 , 161 
imidazo-quinazolines, 52, 33 
pyridazines, 49 , 437 

tetrahydro-l,2,4-thiadiazine dioxide, 50, 
267 
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1.3- thiazines. 50, 150 
thiazoles. fused, 50, 32 
4-thiazolidinones, condensed, 49, 105 
thiazolo-quinazolines, 52, 50 

1.2.4- triazolo[3.4-6]ll,3,4]thiadiazines, 

49, 361 

1.2.4- triazolo[l,2,4]triazines. 49, 355 
see also Bactericides, Bacteriostats 

Antibiotics 

1-hydroxyindole derivative, 51, 155 
pyridazine, 49, 433 
pyrrolo-quinazolines, 52, 15 
Anticancer activity of 
diazoimidazole-5-carboxamide, 48, 163 
diazoindoles. 48, 161 
4-diazo-l,2,3-triazole-5-carboxamide, 48, 
163 

1.3- thiazines, 50, 150 

see also Antitumor agents 
Anticholinesteremic 1,3-diazocines, 50, 35 
Anticoagulants, 4-hydroxy-2-pyrones, 53, 3 
Anticonvulsants 

/V-amino-benzimidazolones, 53, 213 
benzimidazo-quinazolines, 52, 36 

1.4- bridged 1,4-dihydro-3(2// )- 
isoquinolinones, 52, 179 

1.2.4- triazolines, 46, 259 

1,5-benzodiazocines, 46, 60 

1.4- dihydro-3(2Wl-isoquinolinones, 52, 

178 

imidazo-quinazolines, 52, 33 
perhydro-pyrrolo[l,2-a]pyrazines, 49, 246 
pyridazines, 49, 435 
pyrrolo-quinazolines, 52, 15 
4-thiazolidinones, condensed, 49, 105 

1.2.4- triazolo-benzodiazepines, 49, 363, 
367 

Antidepressants 

l-amino-5-alkoxypyrazoles, 53, 213 
azepino-quinazolines, 52, 118 

1.2.4- benzothiadiazines, 50, 296 
imidazo-quinazolines, 52, 33 
pyrazolo-l,5-diazocine N-oxides, 46, 60 
pyrido-quinazolines, 52, 79 

1.2.4- triazino-quinazolines, 52, 113 

1.2.4- triazolo-benzodiazepines, 49, 367 
triazolo-thiadiazoles, 53, 213 

Antidiabetics, 1,4-dihydro-3(2T/)- 
isoquinolinones, 52, 179 
Antiepileptics, 1,4-dihydro-3(2W )- 
isoquinolinones, 52, 178 


Antifungal activity of brassinins, 51, 150 
Antifungals 

1-aminobenzimidazoles, 53, 213 
4-amino-l,2,4-triazoline-3-thiones, 53,212 
l-hydroxypyrid-2-thione, 48, 197 
/V-(nitrofurfurylidene)aminopyrazole, 53, 
213 

AMnitrofurfurylidenelaminoimidazole, 

53, 213 

pyridazinones, 49, 437 
tetrahydro-l,2,4-thiadiazine dioxide, 50, 
267 

1.3.4- thiadiazolo-quinazolines, 52, 66 
4-thiazolidinones, condensed, 49, 105 

1.2.4- triazolines, 46, 195 
see also Fungicides 

Anti-glaucoma agents, 1,2,4-benzothia¬ 
diazines, 50, 296 
Antigonadotrophic agents, 

dibenzo[l,5]diazocines, 46, 61 
Antihistamines 

l-amino-5-alkoxypyrazoles, 53, 213 

1,5-diazocanes, 46, 58 
pyrrolo-quinazolines, 52, 15 

1.2.4- thiadiazines, 50, 297 

1.2.4- triazino-quinazolines, 52, 112 

1.2.4- triazolo-pyrimidines and analogs, 

49, 337 

triazolo-quinazolines, 52, 61 
Antihypertensives 

2H- 1,2,3-benzothiadiazine 1,1 -dioxide, 

50, 262 

1.2.4- benzothiadiazine, 50, 275, 276, 277, 
296 

diamino-1,2,4-triazoles, 53, 213 

1,5-diazocanes, 46, 59 

1.2- diazocines, 50, 26 

1.3- diazocines, 50, 35 
4-thiazolidinones, condensed, 49, 105 
dibenzo[1,5Jdiazocines, 46, 60 
imidazo-quinazolines, 52, 33 
perhydro-pyrrolo[I,2-a]pyrazines, 49, 245 
pyrrolo-quinazolines, 52, 15 
tetrazolo-quinazolines, 52, 70 
thiazino-quinazolines, 52, 104 
thiazolo-quinazolines, 52, 50 

1.2.4- triazolo-pyrimidines and analogs, 
49, 337 

Anti-inflammatory agents 
azepino-quinazolines, 52, 118 
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1,5-benzodiazocines, 46 , 60 

1.2.4- benzothiadiazine 1,1-dioxides, 50, 
269, 296 

indazojo-quinazolines, 52 , 25 
3(2//)-isoquinolinones, 52 , 178 
oxazino-quinazolines, 52 , 98 
phthalazino-quinazolines, 52 , 86 
pyrazolo-quinazolines, 52 , 24 
pyridazinones, 49 , 435 
pyrido-quinazolines, 52 , 79 
pyrrolo-quinazolines, 52 , 15 
quinazolino-quinazolines, 52 , 96 
tetrazolo-quinazolines, 52 , 70 

1.3.4- thiadiazolo-quinazolines, 52 , 66 
4-thiazolidinones, fused, 49 , 105 
thiazolo-quinazolines, 52 , 50 

1.2.4- triazoles, fused, 49 , 280 

1.2.4- triazolo-pyrimidines and analogs, 
49 , 337 

triazolo-quinazolines, 52, 61 

1.2.4- triazolo[!,2,4]triazines, 49 , 355 
Antileukemic agents 

ellipticine analogs, 52 , 289 
fused triazino-purine, 53 , 213 
Antimetabolic agents, 1,2,4- 

triazolo[l,2,4]triazines, 49 , 355 
Antimicrobials, 1,3-thiazines, 50 , 150 
Antimycotic, chlortrimazol, 52 , 214 
Antiozonants, pyridazines, 49 , 439 
Antiparasitic agents, l,2,4-triazolo[3,4-6]- 
[l,3,4]thiadiazines, 49 , 361 
see also Parasiticides 

Antiphlogistic agents, imidazoquinazolines, 
52 , 33 

Antipyretics 

oxazino-quinazolines, 52 , 98 
pyrido-quinazolines, 52 , 79 
pyrrolo-quinazolines, 52 , 15 
quinazolino-quinazolines, 52 , 96 
Antiserotoninergic agents, 1,4-dihydro- 
3(2J7)-isoquinolinones, 52 , 179 
Antispasmodics 

4-thiazolidinones, condensed, 49, 105 

1.2.4- triazolo-benzodiazepines, 49 , 367 
Antithrombotic agents 

1,3-diazocines, 50 , 35 
imidazo-quinazolines, 52 , 33 
Antitrypanosomal agents, pyridazines, 49 , 
437 

Antitubercular agents, perhydro- 
pyrrolo[l,2-a|pyrazines, 49 , 243 


Antitumor agents 
1,5-diazocanes, 46, 58 
quino-quinazolines, 52 , 80 
sesbanine (alkaloid), 52 , 291 
triazolo-thiadiazoles, 53 , 213 

1.2.4- triazolo[l,2,4]triazines, 49, 355 
Antitussives, pyrrolo-quinazolines, 52 , 15 
Anti-ulcer agents 

1.2.4- benzothiadiazines, 50 , 296 
tetrazolo-quinazolines, 52 , 70 

Antiviral agents 

1.3- diazocines, 50, 35 

1.3- thiazines, 50, 150 
triazolo-quinazolines, 52 , 61 

1.2.4- triazolo[l,2,4]triazines, 49 , 355 
Antrimycins, 49 , 433 

Anxiety modulators, triazolo-quinazolines, 
52,61 

Anxiolytic agents 

1.2.4- benzothiadiazines, 50 , 296 
pyrazoloquinazolines, 52 , 24 

[1,2,4]triazolo[3,4-c][ 1,4]benzot riazin-4- 
ones, 49 , 347 

Arenol, pyrone derivative, structure, 53, 23 
Aromaticity 

in relation to reactivity, 47 , 126, 216, 287 
of 3,5-dichloro-l ,2,6-thiadiazin-4-ones, 
50 , 309 

of l,2-dihydro-l,2-diazocines, 50, 16 
see also Antiaromaticity 
Aromatization, of 
dihydropyridinones, 49 , 387 
hydropyridazines, 49 , 406 
pyridazines, 49 , 420 
Arsabenzene, see Arsenin 
Arsenin 

acylation, 47, 309 

cycloaddition to ethynyl ketone, 49 , 397 
electrophilic substitution, general 
considerations, 47 , 280 
hydrogen-exchange, acid-catalyzed, 47 , 
287 

nitration, 47 , 303 
Arsenin, 2- and 3-acetyl-, 49 , 397 
Arylhydrazines, reaction with 3-diazo-2- 
phenylindole, 48 , 124 
Arylhydrazine, o-nitro-, reductive 
cyclization in formic acid, 53 , 105 
Aryloxy groups, displacement by amines, 
49 , 139 



340 


CUMULATIVE SUBJECT INDEX 


generation from sulfoxides, 48 , 17 
trapping by intramolecular cycloaddition 
to arene, 51, 37 
to furan, 51, 80 
Ascorbic acid 
chemistry of, 53, 233 
degradation, oxidative, 53, 273 
oxidation, 53, 236 

Ascorbic acid, dehydro-, osazone, reductive 
rearrangement, 48 , 230 
see also Dehydroascorbic acid 
Ascorbigen, indole ascorbic acid derivative, 
53, 269 
Asnipyrones 
mass spectrum, 53, 11 
structure, 53, 23 

Aspartic acid, N-thiobenzoyl-, unexpected 
reactions with acetic anhydride, 50,106 
Asteltoxin, pyrone derivative 
biogenesis, 53, 23 
structure, 53, 3, 5, 23 
synthesis, 53, 12, 23, 53 
ATP, see Adenosine triphosphate 
Aurovertins, pyrone derivatives, 53, 3 
Aza (nitrogen) substituent, quantitative 
deactivating effect, 47 , 176 
2-Azaanthracenes, 52, 220, 221 
see also Benz[g]isoquinolines 
Aza-aromatics, w-deficient, metalation 
(review), 52, 187 
2-Azahypoxanthine 
biological activity, 48 , 162 
formation, 48 , 108, 134 
Aza-indoles, see Pyrrolo-pyridines 
Aza-xanthones, 52, 216 
Azepino[l,2-a]quinazolines, 52, 116 
Azepino[2,l-b]quinazolines, 52, 117 
Azepino[l,2-c]quinazolines, 52, 118 
Azenes, cyclic eight-membered, 50, 11, 21 
Azetes, substituted, as intermediates, 46 , 36 
Azetidin-2-ones, ring-expansion to 1,5- 
diazocin-2-ones, 46 , 19 
2-Azetine, 1-methoxycarbonyl-, 

cycloaddition to a 1,2,4,5-tetrazine, 49, 
398 

Azeto[3,2-r/][1,3]diazocine 1-oxides, 2,2a- 
dihydro-, 50, 41 

Azetof 1 ,2-b][\ ,3]diazocin-l-ones, 
2,4,5,6,7,8-hexahydro-, 50, 38 


Azines and benzologs, metalation (review), 
52, 187 

Azines, aryl-, nitration, 47 , 337 
Azines, azido-, ring-chain tautomerism, 49 , 
322, 52, 68 

Azintamide (medicinal pyridazine), 
detection, 49 , 440 
27/-Azirines, ring-opening, 46 , 211 
2//-Azirines, 2-cyano-, fromdiazopyrazoles, 
48,97 

2//-Azirine, 3-dimethylamino-2,2-dimethyl-, 
insertion into l,2,4-benzothiadiazin-3- 
one dioxide, 50, 291 
2//-Azirine, 3-phenyl-, reaction with 
triarylketenimines, 52, 7 
Azirine, 2-spiro-, generation by nitrene 
trapping and rearrangement, 52, 12, 77 
Azirino-quinazolines, 52, 6 
Azo compounds 

cycloaddition to 2-methylenecyclohexa- 
3,5-diene-l-thione, 50, 260 
reaction with nitrilimines, 46 , 211 
Azo groups 

cis-irans photoisomerization, 50, 13, 21 
formation by hydrazo- oxidation, 50, 
21,22 

protonation, 50, 18 

Azo-acetylenes, thermal dimerization, 48, 
253 

Azo-alkenes, cycloaddition to sulfine, 50, 
258 

Azo-alkenes, N-acyl, intramol 
cycloaddition, 49, 207 
Azo-coupling of diazo-azoles, 48, 121, 124, 
126, 129, 131, 132 

N.JV'-Azodi (azolium salts), 53, 176,181, 182 
Azodicarboxylic esters 
cycloaddition to 

1,8-naphthalyne, 51, 43 
nitrilimines, 46 , 212 

reaction with l,3-diazabicyclo[3.1.0]hex- 
3-enes, 49, 288 

Azo-V./V'-dioxides, formation by oxidation 
of azoxy group, 50, 21 
2,2'-Azodi(l-pyrroiine 1-oxide), 5,5,5',5'- 
tetramethyl-, and radical anion, 51, 113 
Azo-hydrazone tautomerism, 46 , 182 
Azo-3,3'-indole, 2,2'-diphenyl-, 48 , 120 
Azole diazonium salts, 48 , 81 
Azoles, amino-, diazotization, 48 , 156 
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Azoles, iV-amino- (review), 53, 85 
acidity, 53, 149 
acylation, 53, 162 
alkylation, 53, 161 
basicity, protonation site, 53, 148 
condensation with 1,3-, 1,4- and 1,5- 
dicarbonyl compounds, 53, 164, 

184 

crystal structures, 53, 146 
cyclization reactions of, 53, 182 
/V-nitration, 53, 166 
physical properties, 53, 146 
quantum chemical calculations, 53, 147 
reactions, 53, 154 
spectra, 53, 151 
synthesis, 53, 88 

Azoles, ;V-arylmethylenimino-, thermolysis, 
53, 156 

Azoles, phenyl-, orientation of nitration, 47, 
154 

Azole-spiro-cycloheptatrienes, formation 
and rearrangement, 48, 87 
Azole-spiro-norcaradienes, formation, 

48, 86 

Azolium salts, N,N'- azo-, formation, 53, 
176, 181, 182 

iV-Azolium substituents as cine-substitution 
groups, 53, 208 

Azolo-azocines, formation, 48, 87 
Azolo-naphtho-[l ,2,4]triazines, formation 
from naphthol coupling products, 48, 
122, 126, 133, 237 

V.N'-Azolyl-azoles and -azolium salts, 53, 
165 

Azolylidenes, formation from diazo-azoles, 
48, 86 

Azomethines, cycloaddition to 
benzo[c]pyrylium salts, 50, 220 
Azomethine imines 
cycloadditions to nitriles, 46, 214 
dimerization, 46, 214, 218 
generation, 46, 214, 219 
Azomethine imines, cyano-triaryl-, 
trimerization, 46, 219 
Azomethine imines, pyrazolidine, 
cycloadditions, 48, 255 
Azomethine imines, from pyrazolidin-3-one, 
cycloaddition, 48, 264 
Azomethine imines, from 1,2,4- 

triazolidinediones, cycloadditions, 48, 
263 


1 -Azonia-6-azatricy clo[4,3,3,0' ,5 ]dodecane, 
46,50 

1 -Azonia-7-azatricyclo[5,3,3,0' ' 6 ]tridecane, 
46,50 

Azo-pyrroles, 48, 118, 123 
l-l'-Azopyrrole, formation, decomposition, 
53, 170 

2,2'-Azopyridine, reaction with 
diazoalkanes, 46, 185, 49, 312 
2,2'-Azoquinoline, reaction with 
diazoalkanes, 46, 185 
l,l'-Azotetrazole, 5,5'-diaryl-, 53, 182 
4,4'-Azo-l,2,4-triazoles, 53, 182 
Azulene detritiation, Bronsted coefficients, 
47, 9 

lA/-Azuleno[l,8-dc]pyridazines, 51, 71 


B 

Bactericides 

1,2,4-benzothiadiazines, 50, 296 
5-cyanoperhydrooxazolo[3,2-o]pyridines, 
49 , 232 

1.3- diazocines 50, 35 

1.4- diazocin-2-ones, 46, 59 
tetrazolo-quinazolines, 52, 70 
1,3-thiazines, 50, 150 
thiazino-quinazolines, 52, 104 
triazolo-quinazolines, 52, 61 

see also Antibacterials, Bacteriostats 
Bacteriostats 

nitrofuran derivative, 53, 212 
pyrazolo-quinazolines, 52, 24 
Balz-Schiemann reaction 
photochemical, 48, 89. 102, 109 
with 3-amino-6-methylpyridazine, 49, 410 
Barbituric acids, halogenation, 47, 346 
Barbituric acid, 5-diazo-l,3-dimethyl-, 53, 
177 

Base-catalysed mechanisms in. H/D 
exchange 
general, 47, 36 

in 3,5-dimethylpyridine-l-oxide, 47, 24 
in furan, thiophene and selenophene, 

47 , 93 

in polyaza-indenes, 47, 234 
in purines, 47, 233 
in quinoline, 47, 24, 37 
Basicity of 
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A'-aminoazoles, 53, 148 
2-amino-l,3-thiazines, 50, 120 
pyridazines, 49 , 425, 427 
Beckmann rearrangements 
forming 1,5-diazocinediones, 46 , 11 
of anthraquinonedioximes, 46 , 12 
of 2,3-dihydrophenalen-l-one oxime, 

51, 81 

of 2-indanone oxime, 52, 171 
7tf-Benz[X/]acridine, 51, 57 
Benzamide, 2-piperidino-, oxidative 
cyclization, 52, 72 

Benzamidoxime, 2-amino-, cyclizations with 
aldehydes, isocyanates, 52, 62, 63 
Benz[a]anthracenes, from benzo[c]pyrylium 
dimers 50, 233 

Benzazete, 2-phenyl-, cycloaddn to diaryl- 
1,2,4,5-tetrazine, 50, 46 
Benzazetin-2-one, 1 -(2-pyridyl)-, 

intermediate in thermolysis of 1,2,3- 
benzotriazin-4-one derivative, 52, 76 
Benzenonium ion, charge distribution, 47 , 8 
Benzidine rearrangement, of 8-aryl- 
hydrazino-1-naphthoic acid, 51, 26 
Benzimidazo[l,2-6]indazoles, 53, 107 
Benzimidazoles 
N-amination, 53, 103 
base-catalysed hydrogen-exchange, 47 , 
222 

nitration, 47 , 224 

reaction with nitrilimines, 46, 207 

synthesis by 

rearrangement of IX 4 -1,2,4- 

benzothiadiazine 1-oxides, 50, 291 
sulfur extrusion from 2,1,4- 
benzothiadiazines, 50, 299 
Benzimidazole, bromination, 47 , 226 
Benzimidazoles, 1-acylamino-, 53, 101 
Benzimidazoles, N-amino-, 53, 100 
Benzimidazole, 1-amino- 
basicity, 53, 148 

cyclization with amino group loss, 53, 201 
X-ray crystal structure, 53, 146 
Benzimidazoles, 2-amino-, condensation 
with o-chlorobenzoyl chloride, 52, 34 
Benzimidazoles, l-(l-aziridinyl)-,formation, 
53, 176 

Benzimidazoles, 1-arylamino-, 53, 100 
Benzimidazoles, l,l'-azo-, formation, 53, 
176 


Benzimidazole, 2-chloro-, animation, 49 , 138 
Benzimidazoles, 1,2-diamino- 
condensation with 
chalcones, 53, 202 
/3-ketoesters, 53, 195 
formation, 53, 101 
oxidation products, 53, 172 
quantum calculations, 53, 147 
Benzimidazole, 2-diazo-, reaction with 3- 
chloropentane-2,4-dione, 49 , 289 
Benzimidazole, 5,6-didehydro-1,2- 
dimethyl-, generation, 53, 179 
Benzimidazole, 1-dimethylamino-, 53, 161 
Benzimidazole, 1-methyl-, basicity, 53, 148 
Benzimidazole, l-methyl-2-(2-pyrrolyl)-, 51, 
221, 225 

Benzimidazoles, 1-nitroso-, attempted 
reduction, 53, 104 
Benzimidazole, 2-sulfinyl- 
reaction with thiols, 48 , 53 
rearrangement in acid, 48 , 54 
Benzimidazole N-imines, 1-alkyl-, 
cycloadditions, 53, 204 , 205 
IW-Benzimidazole 3-N-nitroimines, 53, 166 
Benzimidazole-2-sulfonic acid, 1-amino-, 
nucleophilic substitution of sulfo group, 
53, 208 

2-(2-Benzimidazolethio)acetaldehyde, 
cyclization, 49 , 42 

Benzimidazoline-2-thione, reaction with 
acetylenedicarboxylic esters, 49 , 47, 48 
a-chloro-aldehydes and -ketones, 49 , 42 
a-chloro-esters, 49 , 42, 44 
1,2-dibromoethane, 49 , 52 
phenyliminooxalyl dichloride, 49 , 44 
Benzimidazolinone, 1-alkylamino-, 53, 162 
Benzimidazolinone, 1-amino- 
formation, 53, 101 
oxidation products, 53, 173, 176 
Benzimidazolium salts, l-amino-3-alky!-, 53, 
104, 161 

Benzimidazolium salts, l-amino-3-methyl-, 
condensation with /3-diketones, 53, 185 
Benzimidazolium N-carboxyimines 
photolysis, 53, 160 
rearrangement, 53, 160 
Benzimidazo[l,2-a]quinazolines, 52, 34 
Benzimidazo|2,1-iJquinazolines, 52, 34 
Benzimidazo[l,2-c]quinazolines, 52, 35 
Benz[ct/]indazole, 51, 41 
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Benz[cd]indazole 1-arylimines, 51,42; 53,96 
Benz[cd]indazole 1,2-dioxide, 51, 42 
Benz[cd]indazole 1-oxide, 51, 42 
Benz[cd]indazole, 1-2-, 1,3- and 1,5- 
dihydro-, 51, 43 

Benz[cd]indazoles, 1,2-dihydro-1 -acyl-, 
51,44 

Benz[rd]indazole, 1,2-dihydro-1,2- 
dimethoxycarbonyl-, 51, 43 
Benz[/]indazole, 3-phenyl-, amination, 

53, 95 

Benz[hi]indazolo[3,2-a]isoquinolin-7-one, 
51, 66 

Benz[d]indeno[l,2-6]thiopyrylium ions, 11- 
oxo-, 50, 216 
Benz[cd]indoles, 51, 21 
Benz[cd]indole, 1-acetyl-l ,2-dihydro-4- 
methoxy-, 51, 21 

Benz[cd]indole, 1,3,4,5-tetrahydro-, 51, 27 
Benz[g]indole, 4,5-dihydro-, 51, 232, 269 
Benz[cd]indolium salts, 51, 22-25 
Benz[cd]indoliura salts, 2-styryl-, 51, 24, 

25 

Benz[cd]indol-2( 1 W)-ones, synthesis 
from naphthalimide derivs, 51, 32 
general, 51, 22, 25 
Benz[cd]indol-2(lW)-ones, 1- 
(quinoneimino)-, 51, 27 
Benz[cd]indol-2(lW)-ones, 1-(N- 
substituted), 51, 27, 32 
Benz[cd]indol-4(5W)-one, 1,3-dihydro- 
51, 35 

Benz[cd]indol-5(lW)-one, 3,4-dihydro- 51, 
28, 34 

Benz[cd]indol-5(l//)-one, 2-phenyl-, 51, 28 
Benz[cd]indol-5(lW)-onimine, 2,3- 
dimethyl-, 51, 37 
Benz[g]isoquinolines 
nitration, 47, 374 
synthesis, 52, 220, 279 
Benz[g]isoquinoline, 52, 220 
Benz[g]isoquinoline, 3-hydroxy-1,4- 
disubstituted 
cycloadditions, 52, 166 
tautomerism, 52, 159 
Benz[g]isoquinoline-5,10-diones, 52, 221, 
290 

Benz[de]isoquinolinium, 2-substituted-l ,2- 
dihydro- hydroxide, inner salt, 51, 67 
Benz[de]isoquinolinium salts, 3-aryl-l-oxo, 
51, 66 


Benz[<fe]isoquinolin-l-one, 51, 65 
Benz[/]isoquinolinones, hydrogenation, 52, 
165 

Benz[g]isoquinolin-1 -ones, 52, 289 

1.2- Benzisothiazoles 
bromination, 47, 227 
nitration, 47, 225 

1.2- Benzisothiazole 1,1-dioxide, 3-chloro-, 
reaction with 5-methyltetrazole, 49, 

292 

1,2-Benzisothiazole 1,1-dioxide, 3- 

hydrazino-, 1,2,4-triazolo-fusion, 46, 
184 

2.1- Benzisothiazoles, nitration, 47, 225 
2, l-Benzisothiazolin-3-one, condensation 

with pyridine, 52, 74 
[l,2]Benzisothiazolo[2,3-a]quinazolin-12- 
ones, 52, 42 

1.2- Benzisoxazoles, nitration, 47, 224 

2.1- Benzisoxazoles, 3-aryl-, reaction with 
Lawesson’s reagent, 46, 32 

2,1 -Benzisoxazole, 3-( 1 -isoquinoliny 1)-, 
thermal and photochemical 
rearrangement, 52, 52 

2.1- Benzisoxazol-3-one, 1-acetyl-, 51, 132 
Benzo-azoles, electrophilic substitution, 47, 

220 

Benzo[cd][l ,2]benzodithiolo[4,3,2-g/i/][ 1,2]- 
benzodithiol-10S ,v -5 1 one, 51, 40 
16//-Benzo[c][l,4]benzothiino[2,3-/]pheno- 
thiazine, 48, 356 

Benzo[c][l,4]benzothiino[2,3-/]phen- 
arsazine, 7-chloro-7,16-dihydro-, 48, 
356 

Benzo[l,2-d:4,5-d']bistriazole, dihydro-, N- 
amination, 53, 121 

Benzo[ 1,2-d:4,5-d']bistriazole, 1,4-diamino- 
1,4-dihydro-, oxidation, 53, 179 
Benzo[c]cinnolines 
halogenation, 47, 386 
nitration, 47, 378, 380 
ltf-Benzo[de]cinnolines 
formylation, 47, 389 
synthesis, 51, 68 

Benzo[de]cinnoline, 1 -ethy 1-3-phenyl-, 
51,70 

2tf-Benzo[de]cinnoline-3,7-dione, 2- 
phenyl-, 51, 70 

Benzo[de]cinnolinium, 1,2-dihydro-2- 
phenyl- hydroxide, inner salt, 51, 70 
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Benzo[b]cycloocta[e][l ,4]dithiin, 5a, 1 la- 
and 8,9-dihydro-2,3-dimethyl-, 48, 374 

2,3,1 -Benzodiazaborines, 1,2-dihydro 
bromination, 47, 387 
nitration, 47, 380 

1,4-Benzodiazepines, reaction with 
nitrilimines, 46, 210 

2H- 1,4-Benzodiazepine 4-oxides, 
rearrangement, 46, 16 

3 H- 1,4-Benzodiazepine, 7-chloro-5-phenyl-, 
reaction with mercaptoacetic acid, 

49, 33 

1//-1,4-Benzodiazepine, 7-chIoro-2,5- 
epithio-2,3,4,5-tetrahydro-5-phenyl-, 
49, 33 

1.4- Benzodiazepines, 2-hydrazino-, fused 

1,2,4-triazoles from, 46, 184 

1.5- Benzodiazepines, reaction with 
nitrilimines, 46, 210. 252 

5//-2,3-Benzodiazepines, 50, 203 

3//-2,4-Benzodiazepine-3-thione, 1,2,4,5- 
tetrahydro-, reaction with chloracetic 
ester, 49, 35 

l,4-Benzodiazepin-2-one, 7-chloro-l,3- 
dihydro-l-methyl-5-phenyl-, reaction 
with mercaptoacetic acid, 49, 33 

1.2- Benzodiazocines, reduced, 50, 6 

1.3- Benzodiazocines, 1,2,3,4,5,6- 
hexahydro- 50, 42 

1.4- Benzodiazocines, 1,2,3,4-tetrahydro-, 
46, 10 

1.5- Benzodiazocine derivative, 
rearrangement to indole, 46, 47 

1.5- Benzodiazocine, 1,2,3,4,5,6- 
hexahydro-, 46, 23 

1,5-Benzodiazocine, hexahydro-, N.N'- 
bridged, 46, 48 

1.5- Benzodiazocine, pyrimidine-fused, 

46, 48 

1.5- Benzodiazocine 5-oxides 
medicinal effects. 46, 61 
synthesis, 46, 16 

3,4-Benzodiazocines, 2,5-diaryl-1.6- 
dihydro-, 50, 12 

3.4- Benzodiazocines, 3,4-dihydro-, 
aromaticity, 50, 16 

1.5- Benzodiazocine-2,6-diones, 46, 23 

1,5-Benzodiazocine-2,6-diones, 1,3,4,5- 
tetrahydro-, 46, 7 

1,5-Benzodiazocine-2,6-diones, 1,5- 
dimethyl-4-phenyl-, 46, 23, 51 


1.4- Benzodiazocin-2(l//)-ones, 3,6- 
dihydro-, 46, 18 

1.4- Benzodiazocin-2(l//)-ones, 3,4,5,6- 
tetrahydro-6-phenyl, 46, 14 

1.5- Benzodiazocin-2( 1 //)-ones, 3,4-dihydro- 
6-phenyl, 46, 4, 5 

2,3- Benzod iazocin-1 (2/f)-ones 
crystal structure 50, 20 
synthesis 50, 8 

Benzo-diimidazoles, electrophilic 
substitution, 47, 261 
Benzodithiete radical cation, reported 
formation, 48, 341, 372 
Benzodithiophenes 
calculations, 47, 255 
hydrogen-exchange, acid-catalyzed, 47, 
255 

nitration, 47, 261 
Benzofulvenes, formation from 
isochromenes, 50, 186 
Benzofurans (benzo[6]furans) 
acylation, 47, 203 
alkylation, 47, 201 

electrophilic substitution, sites of, 47, 182 
formation by oxidation of 

benzo[r]pyrylium salts, 50, 214 
halogenation, 47, 198 
hydrogen exchange 
acid-catalyzed, 47, 186 
base-catalyzed, 47, 189 
lithiation, 47, 209 
nitration. 47, 190 
sulfonation, 47, 210 
Benzofuran, cycloaddition to 1,2,4,5- 
tetrazines. 49, 396 

Benzofurans, a-acetoxyethyl, pyrolysis, 47, 
213 

Benzofurans. formation from O-aryloximes, 
51, 287 

Benzo[r]furans, see Isobenzofurans 
Benzofurazans 
bromination, 47, 227 
nitration, 47, 225 

Benzoic acid, o-amino-, see Anthranilic acid 
Benzoin oximes, acid cyclization, 51, 164 
Benzo|6]naphthl 1,8-rfe]azepine, 51, 84 
Benzo[/]naphth[ 1,8-/>r]oxepin-12-one, 

51, 80 

Benzo[<flnaphtho[2,3-6]pyrylium salts 50, 
173 
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Benzo[/]naphtho[ 1,8-6c]thiepin-12-ones, 

51, 81 

Benzo[e]naphtho[L8-6c]thiopyran. 51, 53 
Benzo[6][l,6]naphthyridine, 52, 234 
Benzo[b][l,6]naphthyridine, 6,7,8,9- 
tetrahydro-10-phenyl-, 52, 233 
Benzo[b][l,6]naphthyridine, 10-phenyl-, 52, 
216 

Benzo[b][l,(7,8)]naphthyridines, 6,7,8,9- 
tetrahydro-5-phenyl-, 52, 233 
Benzo[b][i,8]naphthyridin-5(10//)-one, 52, 
218 

Benzo[e]perimidine-2(3//),7-diones, 51, 75 
Benzo[e]perimidin-7-ones, 51, 74 
6//-Benzo[b]phenaleno[ 1,9-<?/|[ 1.4]- 
diazepine, 51, 87 

Benzo[c]phenanthridines, 50, 174, 201 
Benzo[fc]phenanthridine, 51, 85 
l/Z-2-Benzopyrans, see Isochromenes 
l-Benzopyran-2-one (coumarin), 
sulfonation, 47, 389 

l-Benzopyran-2-one, 3-acetoacetyl-, 53, 39 

1- Benzopyran-4-ones (chromones) 
hydrogen-exchange acid-catalyzed, 47, 

365 

sulfonation, 47, 389 

2- Benzopyran-l-ones, see Isocoumarins 
3//-2-Benzopyran-3-ones 

cycloadditions, 50, 225 
formation, 50, 222 

3//-2-Benzopyran-3-one, 1,4-dihydro-, 
thermolysis, 50, 219 
6//-2-Benzopyran-6-ones 
formation, 50, 223 
reaction with ammonia, 50, 227 
[ 1 ]Benzopyrano[2,3-6]pyrazin-5-one, 52, 
217 

1 l]Benzopyrano[2,3-r]pyridazin-5-one, 3- 
chloro-, 52, 217 

[l]Benzopyrano[2,3-b]pyridin-5-one, 52,217 
[l]Benzopyrano[3,2-b]pyridin-10-one, 52, 
254 

[ 1 ]Benzopyrano[4,3-b]pyridin-10-one, 52, 
217 

[ 1 ]Benzopyrano[2,3-I>]quinolin-12-one, 52, 
217 

Benzo[cd]pyrido[l,2-a]indol-ll-one, 8- 
methoxy-, 51, 37 
2-Benzopyrylium salts, see 
Benzo[c]pyrylium salts 


Benzo[c]pyrylium salts (review), 50, 157 
Benzo[c]pyrylium salts 
cycloadditions, 50, 219 
dimerization 

of anhydrobases, 50, 228 
of betaines, 50, 228 
of radicals, 50, 226 
oxidation, 50, 214 
reactions 

initiated by nucleophilic addition, 50, 
181 

preserving the pyrylium ring, 50, 177 
reduction with zinc, 50, 226 
syntheses 

from benzyl ketones by acylation, 50, 
164 

from benzyl ketones and aldehydes, 50, 
171 

from indenes or indanes, 50, 160 
Benzo[c]pyrylium salts, 1-amino-, synthesis, 

50, 177 

Benzo[c]pyrylium salts, polycyclic 
reactions, 50, 188 
synthesis, 50, 173 

Benzo[c]pyrylium perchlorate, 3-methoxy-, 

52, 160 

Benzo[c]pyrylium-3-carboxylic acids 
reaction with sec amines, 50, 206 
synthesis, 50, 169 
Benzo[c]pyrylium-4-oxide betaines 
cycloadditions, 50, 225 
dimers from, 50, 225, 228 
formation, 50, 162, 222 
l//-Benzo[de]quinolines, 51, 56, 57 
l//-Benzo[de]quinolone-2,3-dione, 51, 56 
Benzo[de]quinolin-3-one, 1,2-dihydro-, 

51, 54 

Benzo[de]quinolin-3-one 1-oxide, 2-phenyl-, 
51, 58 

Benzoquinone, cycloaddition to methyl 
hexa-2,4-dienoate, 51, 15 
Benzoquinone, 2,3-didehydro, generation, 

53, 179 

Benzo[b]selenophene 
acylation, 47, 209 
bromination, 47, 201 
hydrogen-exchange, base-catalyzed, 47, 
190 

lithiation, 47, 209 
mercuration, 47, 209 
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Benzo[c]selenophene, mercuration, 47, 218 

1.2.3.5- Benzotetrazocine, fused, 50, 65 

1.2.4.6- Benzotetrazocin-5-one, 3-anilino- 

1,4-dihydro-, 50, 66 

7//-Benzo[rfe]tetrazolo[ 1,5-«]quinoline, 

51, 57 

l,2,5-Benzothiadiazepin-4-ones, by ring 
expansion, 50, 291 

1.2.3- Benzothiadiazines 
reactions, 50, 261 
spectra, 50, 261 
synthesis, 50, 258 

1.2.3- Benzothiadiazines, 3,4-dihydro-, 50, 
260 

1.2.4- Benzothiadiazines 
applications, 50, 294 
literature, 50, 263 
nucleophilic substitution, 50, 294 
reactivity, 50, 286 

ring contractions, 50, 291, 293 
ring expansions, 50, 290 
spectra, 50, 283 
synthesis, 50, 263 
tautomerism, 50, 285 

1.2.4- Benzothiadiazine 1,1-dioxides, 50, 
269, 271 

1,2,4-Benzothiadiazine 5-oxides, 50, 277, 
278 

1.2.4- Benzothiadiazine 1,1-dioxides, 3- 
chloro-, reactivity, 50, 274 

2 H- 1,2,4-Benzothiadiazine 1 -oxides, 
reductive ring contraction, 50, 292 

1 X 4 -l ,2,4-Benzothiadiazine, 1,7-dichloro-3- 
phenyl-, radical formation from, 50,293 

U 6 -l,2,4-Benzothiadiazine 1-oxide, 1- 
chloro-3-phenyl-, hydrolysis, 50, 289 

1.3.4- Benzothiadiazine derivative, from 
benzothiazolium salt, 53, 211 

2\ 4 -2,l,3-Benzothiadiazines, 4-methoxy-, 
50, 306, 308 

1/7-2,1,3-Benzothiadiazine 2-oxide, 3,4- 
dihydro-4-oxo-, 50, 305 

l//-2,i,3-Benzothiadiazine 2-oxides, 3,4- 
dihydro-, 50, 305 

2.1.4- Benzothiadiazines 
5-oxidation, 50, 398 
reactivity, 50, 299 
synthesis, 50, 298 

l,2,3-Benzothiadiazin-4-ones, 2,3-dihydro-, 
50, 259, 260 


1.2.3- Benzothiadiazin-4-one 1,1-dioxide, 
derivatives, 50, 258 

1.2.4- Benzothiadiazin-3-one 1,1-dioxides, 
50, 273 

2X 4 -2,1,3-Benzothiadiazin-4-ones, synthesis 
and alkylation, 50, 306 

3.1.2- Benzothiadiazin-4-one, synthesis, 50, 
260 

1.2.3- Benzothiadiazoles, thermolysis, 48, 
367, 376 

1.2.3- benzothiadiazole, nitration, 47, 225 

2.1.3- Benzothiadiazoles 
chloromethylation, 47, 227 
nitration, 47, 226 
sulfonation, 47, 227 

2\ 4 -2,l,3-Benzothiadiazines, 4-methoxy-, 
50, 306, 308 

1,2,5,7-Benzothiatriazonine 1,1-dioxide, 3- 
dimethylamino--4,5,6,7-tetrahydro-4,4- 
dimethyl-6-oxo-7-phenyl-, 50, 291 

2//-l,3-Benzothiazines, reaction with 
nitrilimines, 46, 209 

1.3- Benzothiazines, fused, x-ray study and 
conformation, 46, 252 

1.3- Benzothiazine-4-thiones, 2-aryl-, 
reaction with thiocarbohydrazide, 53, 
138 

Benzothiazoles 

base-catalyzed hydrogen-exchange, 47, 
223 

from 2//-l,2,4-benzothiadiazine 1-oxides, 
50, 292 

nitration, 47, 223 

Benzothiazole, 2-amino-, condensation with 
o-fluorobenzoyl chloride, 52, 50 

Benzothiazole, 2-chloro-, reaction with 
acylhydrazides 49, 299 

Benzothiazole, 2-(2-pyridylthio)-, lithiation, 
52, 268 

Benzothiazolium salt, 3-benzylideneamino-, 
rearrangement to 1,3,4-benzothiadia- 
zine derivative, 53, 211 

Benzothiazolium salts, 2-azido-, photolysis, 
50, 280 

Benzo[/|thiazolo[2,3-a]isoquinolin-l(2//)- 
ones, 49, 75 

Benzothiazolo[3,2-r]quinazolines, 52, 52 

Benzothiazolo[2,3-6]quinazolin-12-ones, 

52, 51 

Benzothiazolo[3,2-«]quinazolin-5-ones, 

52, 50 
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Benzothieno[2,3-6][I]benzothiophene. 
nitration, 47, 261 

Benzothieno[3,2-</]pyrimidine. electrophilic 
substitution, 47, 252 

[l]Benzothieno[2.3-6] and [3,2-6]pyrroles, 
acylation. 47, 258 

2X 6 -[ 1 ]Benzothieno[3,2-c][ 1,2,6]thiadiazin- 
4-one 5,5-dioxide, 2,2-dialkyl- 
fluorescence, 50, 310 
synthesis, 50, 306 

Benzothiete, ring-opening and 
cycloaddition, 50, 260 
Benzo[6]thiophenes 
acylation, 47, 204 
alkylation, 47, 202 

cycloaddition to 1,2,4,6-tetrazines. 49,396 
electrophilic substitution, sites of, 47, 182 
halogenation, 47, 199 
hydrogen exchange 
acid-catalyzed, 47, 184, 255 
base-catalyzed, 47, 189 
lithiation, 47, 209 
nitration, 47, 191 

substitution constants (<r + values), 47,186, 
267 

sulfonation, 47, 210 

Benzo[6]thiophenes, a-acetoxyethyl- 
pyrolysis, 47, 212 
solvolysis, 47, 213 

Benzo[c]thiophene, cycloadduct with maleic 
anhydride, 49, 83 

Benzo[6]thiopheneboronic acids, 
peroxidolysis, 46, 151 

Benzo-[6]thiophene-4-propionic acid, 51, 19 

l-Benzothiopyran-4-one, acid-catalyzed 
hydrogen-exchange, 47, 365 

1.2.3- Benzotriazines, 53, 175 

1.2.3- Benzotriazine, 4-phenyl-, reaction 
with 

diphenylcyclopropenone, 52, 21 
Grignard reagents, 53, 94 

1.2.3- Benzotriazines, quinazolino-fused, 52, 
106 

1.2.4- benzotriazines, formation, 53,101, 173 

1.2.4- Benzotriazine, 1,2-dihydro-, possible 
formation, 53, 100 

1,2,3-Benzotriazin-4-one, 3-hydroxy-, 
thermolysis, 46, 9 

1,2,3-Benzotriazin-4-one, 3-(2-pyridyl)-, 
thermolysis, 52, 76 


1.2.3- Benzotriazin-4-one, 3-(2-thiazolyl)-, 
thermolysis, 52, 48 

Benzotriazocines, applications, 50, 56 

1.2.5- Benzotriazocines 
reactions, 50, 54 
synthesis, 50, 46 

1.3.4- Benzotriazocine, 6-phenyl-2,5-di(2- 
pyridyl)-, 50, 46 

1.3.6- Benzotriazocines, 3,4,5,6-tetrahydro-, 

50, 53 

1.4.5- Benzotriazocines 
reactions, 50, 55 
synthesis, 50, 47 

1.2.6- Benzotriazocine-3,5(2//,5//)-dione, 

1,6-dihydro-, 50, 47 

1.4.5- Benzotriazocin-2-ones, 3,4-dihydro- 
conformation, 50, 48 

reactions, 50, 56 
synthesis, 50, 47 

1.3.5- Benzotriazocinones, fused, 50, 52 
Benzotriazoles, nitration, 47, 224 
Benzotriazole, chlorination, 47, 227 
Benzotriazoles, N-amino-, 53, 118 

spectra 

infrared, 53, 151 
nmr, 53, 152 

Benzotriazole, 1-amino-, photolysis, 53, 211 
Benzotriazole, 2-amino-, X-ray crystal 
structure, 53, 146 
Benzotriazoles, 1-anilino-, 53, 119 
Benzotriazole, Hdiphenylmethylene- 
amino)-, photolysis, 53, 211 
Benzotriazole, 2-(o-nitrophenylamino)-, 53, 
162 

2//-Benzotriazole 1-imines, 53, 119 
Benzotriazole, l-hydroxy-, PbO, oxidation, 

51, 169 

Benzotriazolo[ 1,2- and 2, l-a]benzotriazoles, 
mesoionic betaines, 53, 120 

1.3.5.2.4- Benzotrithiadiazepine, structure 
and reactivity towards electrophiles, 47, 
399 

1.2.4- Benzoxadiazines, thermal ring 
contraction to benzoxazoles, 53, 145 

2,1,3-Benzoxadiazoles, see Benzofurazans 
Benzo[/fc/]xanthene-3,4-dicarboxylic acid, 
11-amino-, 51, 51 

3//-2,l-Benzoxathiole 1-oxides 50, 262 
3,1-Benzoxazepines, from 1-azido- 
isochromenes, 50, 187 



348 


CUMULATIVE SUBJECT INDEX 


1,5-Benzoxazepine-4-thione, 2-amino-3- 
ethoxycarbonyl-, condensations, 49 , 35 
4//-3,1-Benzoxazines, reaction with 
nitrilimines, 46 , 208 
4//-3,1 -Benzoxazine, 7-t-butyl-4,4- 
dimethyl-, 51, 135 

3.1- Benzoxazine-2,4-diones, see Isatoic 
anhydrides 

3.1- Benzoxazine-4-thiones, condensation 
with semicarbazide, 52, 58 

3.1- Benzoxazin-4-ones, condensation with 
anthranilonitrile, 52, 95 
semicarbazide, 52, 58 

3.1- Benzoxazin-4-one, 2-(2-aminophenyl)-, 
ammonolysis, 46 , 26 

Benzoxazole 

base-catalyzed hydrogen-exchange, 47, 
223 

nitration, 47, 223 

Benzoxazole, 2-amino-, transamination in. 
49, 176 

Benzoxazoles, 2-chloro-, condensation with 
anthranilic acids, 52, 41 
Benzoxazol-2-one, reaction under silylation- 
amination conditions, 49 , 157 
Benzoxazol-2-one, 3-amino- 
oxidation, 53, 182 
synthesis, 53, 145 

Benzoxazolo[3,2-o]quinazolin-5-ones,52,41 

Benzoxazolo[3,2-h]quinazolin-12-ones, 

52,41 

Benzoylation, rates in thiophenes. 47 , 106 
Benzylation of N-alkylpyrazoles, 47 , 170 
Benzyne 
formation from 
aminobenzotriazole, 53, 179 
3,l,2-benzothiadiazin-4-one, 50, 262 
lithio-halobenzenes, 52, 196 
cycloaddition to 
3-diazooxindole, 48 , 147 
furan ring, intramolecular, 51, 80 
Beminamycinic acid (thiazolo[2,3-/|[l,6]- 
naphthyridinium carboxylate betaine), 
52, 291 

Betaines, benzo[c]pyrylium series, 50, 223 
Betaines from triacetic lactone, 53, 40 
Betaines, pyridinium and benzopyridinium 
boronates, 46, 161 
A.JV'-Biazoles 
dipole moments, 53, 150 


reductive cleavage, 53, 156 
1,1'-Bibenzimidazole, 2,2'-dimethyl-, 53, 

102 

3,4'-Bi(l//-benzo[a]quinolizine), 

2',4,6,6',7,7',llb,l lb'-octahydro-4- 
hydroxy-2',4-dioxo-, formation, 53, 62 
2,2'-Bibenzothiazole, synthesis via 
phosphoranes, 48 , 23 
sulfoxides, 48 , 11 

1,1 '-Bibenzotriazole, 3,3'-bis-metho-salt, 

53, 156 

Bicyclic bridgehead nitrogen systems, 
saturated (review), 49 , 193 
Bifunctional nucleophiles, reaction with 
1,2,4-triazinium salts, 46 , 84 
2,2'-Biindazoles, 53, 94 
2,2'-Biindazole 

cleavage by Raney nickel, 53, 156 
synthesis, 53, 175 

2,2'-Biindazole, crown ether containing, 53, 
203 

3,3'-Biindole, 1,1 '-dihydroxy-2,2'- 
diphenyl-, radicals from, 51, 147 
1,1'-Biisoquinoline, formation, 52, 270 
Bimanes, chemistry of, 48 , 254,277,281,282 
2,2'-Bi-(l,8-naphthyridine), formation, 52, 
270 

Biological activity of diazoazoles, 48, 161 
see also the various specific activities 
l,l'-Bipyrazole, cryptand containing, 53, 
203 

Bipyridines, synthesis by catalytic methods, 
48, 190 

2,2'-Bipyridines, formation from 
pyridine with base, 52, 270 
2-pyridyl sulfoxides, 48 , 11 
2,2'-Bipyridine, 3,3'-dihydroxy-, 52, 285 
2,3'-Bipyridine, N-oxides, nitration, 47 , 302 
4,4'-Bipyridine, formation from 4-pyridyl 
sulfones, 48 , 31, 32 

4,4'-Bipyridine, 3,3'-dibromo-, by LDA 
coupling, 52, 202 

4,4'-Bipyridine, 3,3'-fluoro-, by LDA 
coupling, 52, 203 

4,4'-Bipyrimidine, 5,5'-dibromo-, 52, 194 
2,2'-Biquinoline, formation, 52, 270 

1,2-Bishydrazones, oxidation products of, 
53, 114, 117 

Bis-hydrazones of 2,3,4-furantriones, 53, 
250, 253, 259 
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Bis-oxime ethers, ethylene-, 51, 273-279 
l,2-Bis(tosylhydrazones), photolysis, 53, 
117 

Bis[l,2,4]triazolo[4,3-«:3',4'-c]quinoxaline, 
49, 339, 341 

Bis[l,2,4]triazolo[4,3-6:4',3'- 
</][l,2,4]triazines. 49, 353 
l,l'-Bitetrazole, 5,5'-diphenyl-, 53, 139 
4,4'-Bi-( 1,2,4-triazole), 53, 165 
Bi[l,2,4]triazolo[4,3-6:4',3'-e][l,2,4,5]- 
tetrazine, 1,6-dihydro-l,6-dimethyl-, 
53, 187 

Blood platelet aggregation inhibitors 
pyridazinones, 49, 436 
thiazolo-quinazolines, 52, 50 

1.2.4- triazino-quinazolines, 52, 112 
Blood sugar depressants 

imidazo-quinazolines, 52, 33 
pyrimido-quinazolines, 52, 92 
Bond-orders, effect on positional reactivity, 
47, 359 

Borane adducts of pyridazine, 49, 431 
Boranes, aryldiiodo-, 46, 144 
Boranes, heterocyclyl-, nmr spectra, 46,161 
Boranes, pyridyl-, 46, 144, 145 
Borate esters, boronic acids from, 46, 151, 
152, 153 

4,5-Borazaro-pyrenes, 51, 71 
Borazapyridines, see Diazaborines 
Borazaisoquinolines, see 2,3,1- 
Benzodiazaborines 

Borinato-complexes of cobalt, catalysts for 
pyridine synthesis, 48,180,183,189,1% 
Borohydride reduction, of 
dibenzo[6J][l,5]diazocines, 46, 54 
1,3-thiazines, 50, 124, 126 

1.2.4- triazolium salts, 46, 226 
Boron-substituted heteroaromatic 

compounds (review), 46, 143 
Boronic acids, azine-, hydroxylation via, 52, 
218 

Boronic acids, Pd-catalyzed coupling to 
iodo-arenes, 52, 237 

Bostrycoidin (benz[g]isoquinoline alkaloid), 
52, 292 

Branching of alkylamino groups, effect on 
reactivity, 49, 121 

Bridgehead nitrogen systems, saturated 
bicyclic (review), 49, 193 
Brdnsted coefficient 


definition, 47, 9 
for detritiation of 
azulene, 47, 9 
indole, 47, 10, 187 
Bromination, of 

l-amino-2-methylimidazo[l ,2-a]- 
pyrimidinium salt, 53, 207 
brassinin, and 1-methoxy-, 51, 150 
3(2/f)-isoquinolinones, 52, 166 
pyridine 1-oxides, 47, 307 
pyridinium ions, 47, 304 
pyridinones, 47, 306 

Bromodechlorination, of trichlorothiazole, 
47, 166 

Bromodelithiation, in pyridine-l-oxide, 47, 
307 

Bronchodilators 

benzimidazo-quinazolines, 52, 36 
imidazo-quinazolines, 52, 33 
pyrimido-quinazolines, 52, 92 
tetrazolo-quinazolines, 52,' 70 

1,2,4-triazoles, fused, 49, 280 
Bronchospasmolytic, triazolo-quinazolines, 
52,61 

Browning reaction, 53, 240, 242 
Bucherer reaction, application to 
naphthostyril synthesis, 51, 31 
Busch reaction, forming 1,2,4-triazolines, 

46, 173 

Butan-2-one methylhydrazones, reaction 
with acetylenic esters, 51, 244 
But-2-en-l-ols, l-aryl-, rearrangement rates, 

47, 124, 125 

Butenolides, synthesis from 2-furylboronic 
esters, 46, 152 


C 

Cadralazine (pyridazine drug), detection, 49, 
440 

Calcium carbide, reaction with oximes, 51, 
194, 261 

Calculations, molecular mechanics, on 
3,4,5,6,7,8-hexahydro-l,2-diazocines, 

50, 17 

Calculations, theoretical, quantum-chemical 
(CNDO/2, EHT) on diuretic 1,2,4-benzo- 
thiadiazine dioxides, 50, 282, 285 
HMO, PPP, on 1,3-diazocine, 50, 44 
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MO, on HMX, 50, 61 
of electron densities in benzo[c]pyrylium 
ions, 50, 182 

of positional reactivities in benzo[/>J-fused 
systems, 47, 185 

of site of electrophilic attack on 5/5-fused 
systems, 47, 262 

Cancer metastasis inhibitors, imidazo- 
quinazolines, 52, 33 
Cannizzaro reaction 
intramolecular, by 1,5-H“ shift, 50, 238 
with pyridazine-4-carbaldehyde, 49, 413 
Carbazoles 
acylation, 47, 246 
electrophilic substitution 
general considerations, 47, 239 
partial rate factors, 47, 250 
lithiation, 47, 247 
mercuriation, 47, 247 
protiodesilylation, 47, 246 
thiocyanation, 47, 247 
Carbazole, N-amino-, oxidation, 53, 170 
Carbazoles, N-hydroxy-, 51, 168 
Carbazole, N-methyl- 
acetylation, 47, 246 

hydrogen exchange, acid-catalyzed, 47, 
242 

Carbazole, 9-methyl-3-(2-pyrrolyl)-, 51, 221, 
225 

Carbazole N-oxyl 
biological formation, 51, 169 
occurrence, 51, 157 
Carbazole, N-phenyl- 
hydrogen exchange, acid-catalyzed, 47, 
242 

lithiation, 47, 247 
Carbenes, heterocyclic, 48, 86 
Carbenes, nucleophilic, 
formation from (fused) 1,2,4-triazolium 
salts, 46, 263, 269 
reaction 

with aldehydes, 46, 263, 264 
with azido-benzothiazolium salts, 46, 
269 

with isothiocyanates, 46, 269 
Carbenoids, reaction with thianthrene, 48, 
353 

Carbodiimides, cycloaddition to nitrilimines, 
46, 204 

Carbodiimide, N-amino-, intermediacy of, 
53, 140 


Carbodiimides, diaryl-, reaction with 
iV-aminoazoles, 53, 189 
Me,NSO + ,50, 279 
Carbolines, 5-methoxy-, 51, 154 
j3-Carbolines from tryptophan and 
dehydroascorbic acid, 53, 300 
Carbon disulfide, reaction with 
8-azidonaphthalene-1 -diazonium ion, 

51, 73 

hydrazines, 53, 134 

1.8- naphthalyne, 51, 17, 73 
thiocarbohydrazide, 53, 136 

Carbon suboxide, reaction with 
diketones, 53, 17 
thioamides, 50, 90 

Carbonitriles, see Cyano-compounds, 
Nitriles 

Carbonyl ylid, cyclic, cycloaddition to, 

51, 59 

Carbostyrii, see Quinolin-2-one 
Carboxydeboronation of heterocycles, 46, 
153 

Carcinostatic agents, condensed 4- 
thiazolidinones, 49, 105 
Cardiorespiratory-active triazolo-triazines, 
53, 213 

Cardiotonic agents 
imidazo-quinazolines, 52, 33 
3(2W)-isoquinolinones, 52, 178 
purines and N-aminopurines, 53, 213 
pyridines. pyrimidines, 49, 436 

5.6.7.8- tetrahydro-3(2W )- 
isoquinolinones, 52, 179 

Cardiovascular agents 

1,2,4-benzothiadiazines, 50, 296 
imidazo-quinazolines, 52, 33 
Carteolol (j3-blocker), aza-analog, 52, 284 
Catalysis of 

amination of 2-methoxy-l,3,5-triazine, 49, 
143 

pyridine synthesis by organo-Co reagents 
(review), 48, 177 

Catalytic activity and Co chemical shifts, 48, 
215 

Catalytic cycle in Co-catalyzed pyridine 
synthesis, 48, 205 
Celacinnine, synthesis, 49, 256 
Central nervous system (Cns) active agents 
1,5-diazocines, 46, 60 
dibenzotriazocinones, 50, 56 
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1.4- dihydro-3(2W)-isoquinolinones, 52, 

179 

imidazo-quinazolines, 52, 33 
isoquino-quinazolines, 52, 83 
perhydro-pyrrolot 1,2-fljpyrazine-1,4- 
diones, 49, 246 

1.2.4- triazolo[4,3-6]pyridazines, 49, 280 
Cns depressants 

4-thiazolidinones, condensed, 49, 105 
pyridazines, 49, 435 
pyrimido-quinazolines, 52, 92 
pyrrolo-quinazolines, 52, 15 
quinazolino-quinazolines, 52, 96 

1.3- thiazines, 50, 150 
thiazolo-quinazolines, 52, 50 

Cns stimulants 

1.3- diazocines, 50, 35 
[l,2,4]triazolo[4,3-a][l]benzazepines, 49, 

363 

1.2.4- triazolo[4,3-6]cinnolines, 49, 325 
Cephalosporins 

general, 50, 87 

nitrile ylids derived from, 46, 212 
Cephems 

acid-degradation, 50, 108 
synthesis, 50, 99 

Charge transfer complexes of thianthrene, 
48, 365 

Chelation by 3-hydrazinopyridazines, 49, 
431 

Chemiluminescence, of 
cyclic hydrazides, 50, 20 
naphthaloyl chloride-peroxide, 51, 62 
Cheryllin (alkaloid), synthesis, 52, 169 
Chichibabin amination, 49, 179 
Chiral building blocks from ascorbic acid, 
53, 301 

Chloranil. for aromatization of 
7,8-dihydrobenzo[h]thiophenes. 51, 19 
dihydroimidazo[ 1,2-c]quinazolines, 52, 31 

1.2.4- triazolines, 46, 256 
Chlorination, of 

cyclopenta[£/]pyridazines, 49, 407 
thieno-thiophenes, 47, 266. 269 
Chloromethylation, of 
isoxazoles, 47, 170 

1.2.5- thiadiazole, 47, 170 
thiophenes. 47, 103 

Chlorosulfonation 
general description, 47, 69 


of imidazoles, 47, 171 
Chlorosulfonyl isocyanate 
amino-dehydroxylation using, 49, 125 
chloro-dehydroxylation using, 49, 131 
reaction with 1-acetoxyindole. 51, 137 
Chlorthiazide (diuretic) 
reactivity, 50, 289 
synthesis, 50, 263 

Chlortrimazol (antimycotic), 52, 214 
Cholecystokinin antagonist, synthesis, 52, 
121 

Cholinesterase inhibitor, thiazolo- 
quinazolines, 52, 50 

Chromium, complexes with pyridazines, 49, 
431 

Chromium trioxide, oxidation of 
benzo[c']pyrylium salts, 50, 215 
1,2,4-triazolines. 46, 257 
Chromones, see l-Benzopyran-4-ones 
Chromoxymycin, nmr, 51, 108, 114 
Chrysenes, acyl-, formation from 1- 

methylbenzo[c]pyrylium salts, 50, 229 
Cimetidine analog, 50, 265, 283 
Cinnoline and cinnoline N-oxides, nitration, 
47, 378, 379 

Circular dichroism of l-phenyl-3- 

iminoperhydrooxazolo[3,4-a]pyridine. 
49, 220 

Circulatory disease treatments, imidazo- 
quinazolines, 52, 33 
Cirratiomycins, 49, 433 
Citreomontanin, pyrone derivative 
biogenesis, 53, 23 
structure, 53, 5, 23 
synthesis, 53, 12, 23 

Citreoviridins, pyrone derivatives, 53, 3, 

23, 53 

Citreoviridinols, pyrone derivatives, 53, 
4,23 

Claisen condensation, 6-methyl-2-pyrone 
derivative with oxalate, 53, 53 
Claisen rearrangement, of/in 

3- allyloxyisoquinoline, 52, 166 

4- prenyloxy-2-pyrones, 53, 38 
9-propargyloxyanthracene, 51, 47 
pyrone derivative, 53, 48 

Clopidol, 2-pyrone derivative, coccidiostat, 
53, 2 

CNS, see Central nervous system 
Coarctatin, pyrone derivative, structure, 

53, 23 
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Cobalt catalytic cycle, for pyridine 
synthesis, 48, 178 
Cobalt complexes, of 
dehydroacetic acid, 53, 6, 47 
pyridazines, 49, 431, 432 
Cobalt-containing catalysts, 48, 180 
Cobalta-cyclopentadienes, in synthesis of 
heterocycles, 48, 200, 208, 210 
Cobaltocene, as catalyst for pyridine 
synthesis, 48, 182 
Co-condensation of acetylenes and 
dinitriles, cobalt-catalyzed, 48, 191 
Collidine, from acetoxime and calcium 
carbide, 51, 261, 263 
Color photographic agents, 1,2,4- 
benzothiadiazines, 50, 296 
Complex formation of pyridazines 
with borane, 49, 431 

with metals and metal carbonyls. 49, 431 
with methylchlorosilanes, 49, 431 
Complexes of 2,3,4-furantrione 2- 

phenylhydrazones with Pd(ll), 53, 255 
see also the various complex-forming 
elements 

Conductivity, electrical, of pyridazine 
polymers, 49, 432 
Conformation, of 

4-acetyl-8-bromo-3.4-dihydro-6-phenyl- 

1,4,5-benzotriazocin-2(l//)-one, 

50, 48 

1,2-diazocane derivatives, 50, 20 

1.5- diazocanes, 46, 42 

1.5- diazocane metal complexes. 46, 45 
dibenzo[c,g][l,2]diazocine, 50, 18 
dibenzo[8J][l,5]diazocines. 46, 43 

5.6- dihydrodibenzo[c,/?][ 1,2]diazocine, 

50, 18 

diphenic hydrazides, 50, 19 
3,4,5,6,7,8-hexahydro-l,2-diazocines, 

50, 17 

hexahydroimidazo[ 1,5-u]pyridin-3-ones, 
49, 209 

hexahydrooxazolo[3,4-o]pyridines, 49, 
219, 261 

hexahydrothiazolo[3,4-a]pyridines, 49, 
222, 261 

indolizidines with one further heteroatom, 
49, 259 

monamycins, 49, 434 
octahydroimidazo[ 1,5-«]pyridines, 49, 
212,261 


tetrahydropyrrolo[3,2-c]pyridines, 51,235 
3,4,7,8-tetrahydro-l,2,5,6-tetrazocine, 
MM calculation. 50, 68 
1,3,5,7-tetrazocanes, 50, 61 
Conformational inversion in thianthrene and 
oxides, 48, 305, 306 
j8-Conhydrine, synthesis, 49, 232 
Coniine, synthesis, 49, 232 
Conocarpin, spiro-lactone, 53, 270 
Continuous-flow apparatus for 

homogeneous catalytic processes, 48, 
204 

Coordination effects in alkoxypyridine 
lithiation, 52, 241 

Copolymers of N-vinylpyridazinones, 49, 
432 

Copper(ll) complexes, of 
dehydroacetic acid imine derivatives, 
53,6 

/3,8-diketoesters, alkylations, 53, 13 
pyridazines, 49, 431, 432 
Copperd) catalysis, in organoboron 
reactions, 46, 158 

Copperd) chloride, color test for cyclic azo 
compounds, 50, 19 

Copper(II) chloride, oxidation of hydrazo 
group by, 50, 22 

Copperfll) complexes of 1,5-diazocanes, 46, 
45,46 

Coronary dilators, 1,5-diazocanes, 46, 59 
Coumarans, see Benzofurans 
Coumarins, see l-Benzopyran-2-ones 
Coupling reactions of diazo-azoles, 48, 118, 
121, 123, 126, 129, 131, 132, 134, 138, 
141, 142, 166 
Covalent hydrates, in 
hydrogen exchange, 47, 26 
nitration of triazolinone, 47, 165 
Covalent hydration, in 
acid-catalyzed hydrogen-exchange 
in pyrimidines, 47, 328 
in 1,2,4-triazines, 47, 330 
base-catalyzed hydrogen-exchange in 
pyrimidines, 47, 336 
halogenation of pyrimidines, 47, 345 
Criss-cross cycloaddition of azines, 48, 255 
Crown ether incorporating 2,2'-biindazole 
system, 53, 203 

l8-Crown-6 ether, complexation with 2- 
diazo-dicyanoimidazole, 48, 133 
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Cryptand incorporating 1,1 '-bipyrazole 
system, S3, 203 

Cryptopleurine, synthesis, 49, 201 
Cuprates, methyl, reaction with 
pyridazin(on)es, 49, 404 
Cuprates, complexes with pyridazines, 49, 
431 

Cuprate, 3-(subst. pyridyl)-, reaction with 
iodoallene, 52, 281 
Curtius degradation, using diphenyl 
phosphoryl azide, 49, 175 
Cyanation of pyridazines, 49, 407 
Cyanine analogs, naphtho[ 1,8-6c]furan 
systems, 51, 12 

Cyanines from 1,2,4-triazolium salts, 46, 271 
Cyanoacetic ester, condensation with 2- 
aminomethylcyclohexanone, 52, 175 
Cyanoacetylene, reaction with ketoximes, 
51, 267 

Cyanoacetylene, phenyl-, reaction with N-t- 
butylhydroxylamine, 51, 286 
JV-Cyanoamidines, formation in 1,2,4- 
triazole cleavage, 46, 265, 266, 268 
Cyano-azomethinimines, see Azomethine 
imines, cyano- 

Cyanoborohydride reduction of 1,3- 
thiazines, 50, 126 

Cyanoethylation, quantitative studies, 47,63 
Cyanomethylation of halopyridazines, 49, 
410 

Cyanotrihydroborate, see Sodium 
cyanoborohydride 

Cyanurate, triallyl-, aminodealkoxylation, 
49, 143 

Cycl[3.2.2]azine, hydrogen-exchange, acid- 
catalyzed, 47, 257 
Cyclic voltammetry of 

hexahydropyridazines, 49, 428 
Cyclization reactions of /V-aminoazoles, S3, 
182 

Cyclization, oxidative, of 
aldehyde 2-azinylhydrazones, 49, 312, 
314, 316, 321, 329 
azolyl ketone hydrazones, S3, 104 
Cycloaddition reactions, of 
(V-aminoazoles. 53, 203 
benzo[c]pyrylium ions, 50, 219 
diazoazoles, 48, 144 

3-diazopyrazoles to dipolarophiles, 48,238 
dienes to 4,4-diethylpyrazoline-3,5-dione, 
49, 197 


nitrilimine to quinoline, 49, 315 
oxalyl chloride, SO, 38 
thiazoles, mesoionic, 49, 77, 82-87 
ynamines to 5-nitropyridines, SO, 41 
Cycloaddition, [2 + 2], of ketenes to 1,3- 
thiazines, SO, 143 

Cycloaddition, criss-cross, of azines, 48,255 
Cycloaddition, 1,3-dipolar, forming 1,2,4- 
triazolines, 46, 197 
Cycloaddition, intramolecular, of 
alkynyl tetrazines, 49, 396 
phenyl ring to aryne, 51, 37 
Cycloalkynes, synthesis, S3, 178 
Cyclobuta[c/]pyridazine, l,4-diphenyl-5,6- 
dihydro-, SO, 23 

Cyclobutene, 1,2-dichloro-tetrafluoro-, 
cycloaddition to pyridazin-1-imines, 48, 
233 

Cycloheptadepsipeptide antibiotics, 49, 433 
Cyclohepta[4,5]pyrrolo[l,2-a]imidazole, 2- 
phenyl-, electrophilic substitution, 47, 
262 

Cycloheptatriazol-6( 1 H )-one 
formation, 53, 121 
oxidation, 53, 180 

Cyclohepta-l,2,4-triazines, 1,4-dihydro-, 46, 
203 

Cycloheptatriene-spiro-1,2,4-triazolines, 46, 
203 

Cyclohexadienyliron tricarbonyl fluoborate, 
reaction with electron-rich 
heterocycles, 47, 102, 202 
Cyclohexanecarbonitrile. 2-oxo-, 
condensation with 
3-aminopyrazoles, 52, 25 
hydrazine, 52, 24 

Cyclohexanone oxime, conversion into 
4,5,6,7-tetrahydroindole, 51, 182, 189, 
192, 269 

Cyclonucleoside analogs, pyridazine, 49,411 
Cycloocta[c]pyrroles, 48, 90 
Cyclooctyne, cycloaddition to 3-diazo- 
triphenylpyrrole, 48, 147 
2/f-Cyclopenta[e]dicyclopropa[c\g][l,2]- 
diazocine, 1,4-bis(methylthio)-, 50, 

14, 19 

Cyclopenta[/]isoquinolin-3-ones, 52, 158 
Cyclopenta[c]pyrazol-6(l//)-one, 3a,6a- 
dihydro-3a,6a-diphenyl-, 50, 24 
Cyclopenta[d]pyridazines 
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chlorination with NCS, 49, 407 
deprotonation, 49, 413 
2//-Cyclopenta[d]pyridazine, acid-catalyzed 
hydrogen-exchange in, 47, 327 
Cyclopropane-spiro-2-(isoxazolo[2,3-a]- 
pyridines), perhydro-, synthesis and 
rearrangement, 49, 201 
Cyclopropene,tetrachloro-, cycloaddition to 
diazoalkanes, 49, 391 
pyridazin-l-imines, 48, 233 
Cyclopropenethione, diphenyl-, 

cycloaddition to mesoionic thiazoles, 
49, 78 

Cyclopropanecarboxylates, substituted, 
pyridazines from, 49, 402 
Cyclopropenone, diphenyl- 
cycloaddition to 
4//-pyrazole, 50, 7 
thiazoles, mesoionic, 49, 78 
reaction with 4-phenyl-l,2,3-benzo- 
triazine, 52, 21 

Cyclopropenylium salts, reaction with 
diazoalkanes, 49, 402 

Cyclotetrasilazane, octamethyl-, amination 
using, 49, 148 

Cysteine adduct with 1,2,4-triazine ring, 

46, 93 

Cytostatic pyridazinones 49, 437 


D 

Daco, see 1,5-Diazocane, 1,5-Diazocine, 
octahydro- 

Dacoda, see l,5-diazocane-l,5-diacetic acid 
Dacoma, see 1,5-diazocane-1 -acetic acid 
DADN (3,7-diacetyl-1,5-dinitro-l ,3,5,7- 
tetrazocane), 50, 60 

DANNO (l-nitro-5-nitroso-3,7-diacetyl- 
1,3,5,7-tetrazocane), 50, 59 
DAPT (3,7-diacetyl-1,3.5.7- 

tetraazabicyclo[3.3.1]nonane). 50, 58 
Deamination of N-amines, by/on 
alkali in DMSO, DMF 53, 155 
diazonium ions, 53, 155 
light, 53, 156 
nitrous acid, 53, 154, 157 
cyclization with ketones, 53, 201 
reduction. 53, 156 


Debenzylation by acylation/hydrolysis, 50, 
179 

Decarboxylation 

of 3-carboxyisoquinolinium salts, 50, 199 
of 2-carboxypyryHum salts, 50, 207 
Dehalogenation, nucleophilic, methods for, 
48, 28 

Dehydroacetic acid and related pyrones 
(review), 53, 1 
Dehydroacetic acid 
conversion into 
2,6-dimethyl-4-pyrone, 53, 59 
orcinol, 53, 64 

dianion formation, substitution at 6-Me, 
53, 52 

diazo-coupling, 53, 47 
halogenation, 53, 47, 50 
metal complex formation. 53, 72 
O-methylation. 53, 43 
occurrence, 53, 21 
reactions, with 
/V-amino-heterocycles, 53, 60 
hydrazines, 53, 58, 59 
hydroxylamine, 53, 57 
phosphorus halides, 53, 46 
ring opening with deacetylation, 53, 55 
Dehydroascorbic acid 
chemistry of, 53, 233 
reactions, with 
aminoacids, 53, 242 
arylhydrazines, 53, 246, 247 
Dehydroascorbic acid bishydrazones 
cyclization to furo-pyridazines, 53, 264 
dimorphism. 53, 250, 252 
pyrazolinedione phenylhydrazones from, 
53, 275 
tautomerism 
prototropic, 53, 250, 252 
ring-chain, 53, 261 

Dehydroascorbic acid hemiketal and dimer, 
53, 238 

Dehydroascorbic acid a- 
monophenylhydrazone 
formation. 53, 246 
tautomerism, 53, 249 

Dehydroisoascorbic acid, structure, 53, 239 
Dehydronorcoralidine, synthesis, 50, 201 
Deoxynaphthalic anhydride, 51, 61 
Deoxyradicinin, pyrone derivative, 
structure, synthesis, 53, 23 
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Depressant, perhydro-pyrrolo[l ,2-«|pyra- 
zines. 49, 246 

Desulfinylations. nucleophilic, in pyridines, 
48, 26 

Desulfonylation reactions 
in 1,2,4-triazines, 46, 99, 108 
nucleophilic, in pyridines, 48, 26, 32 
of heterocyclic sulfonamides, 48, 42 
Desulfurization of thianthrene, 48, 328. 351. 
352 

Desulfurization, Raney nickel, of 
benzimidazo-thiazolones, 49, 91 

4,5-diamino-1,2,4-triazine-3-thione. 53, 
129 

l-methyIthio-3-isoquinolinone. 52, 164 
Desulfurization, reductive, of thianthrene, 
48, 352 

see also Sulfur extrusion 
Deuteriation, see Hydrogen exchange 
Deuterium exchange of oximes in base, 51, 
284 

Dewar pyridazines, formation. 49, 402 
Dhelwangin, pyrone derivative, structure, 
53, 23 

Diacetylene, reaction 
with amidoximes, 51, 283 
with ketoximes, 51, 266 
2,2'-Diadamantyl, 6,6'-azo-, 50, 4, 13 
Dialkylsulfide S,S-diimides, 1,2,4- 
thiadiazines from, 50, 266 
Dialkylsulfur diimides. heterocycles from, 
50, 301, 302, 303 
Dianthranilides, see 

Dibenzo[i>/][ 1,5]diazocine-6,12-diones 
Diaryl sulfoxides, acid anhydride-induced 
racemization and oxygen exchange, 

48, 5 

Diaphos (methylphosphonic 

bisdimethylamide), solvent, 51, 195 

1.5- Diazabicyclo[6.4.0]dodecanes, 
synthesis, 46, 23 

1.6- Diazabicyclo[4.3.3]dodecane, synthesis, 
46, 50 

2,3-Diazabicyclo[2.2.1]heptenes, 
pyridazines from, 49, 402 

1.2- Diazabicyclo[2.2.0]hexa-2,5-dienes, 49, 
402 

1.2- Diazabicyclo[3.1,0]hexenes, pyridazines 
from, 49, 402 

1.3- Diazabicyclo[3.1,0]hex-3-enes, reaction 
with azodicarboxylic ester, 49, 288 


1.5- Diazabicyclo[3.3.1 ]nonane-3,7-diol, 
synthesis, 46, 49 

1.5- Diazabicyclo[3.3.0]octanes 
synthesis by N-N bond formation, 46, 55 
N-N bond cleavage, 46, 13 

1.5- Diazabicyclo[3.3.OJoctanes, 2,4,6.8- 
tetraoxo-, synthesis, 48, 253 

1.6- Diazabicyclo[4.2.0]octane-2.7- 
dicarboxylate, 8-oxo-, dialkyl, 49, 197 

1.7- Diazabicyclo[5.3.3]tridecane, synthesis, 
46, 50 

l,5-Diazabicyclo[3.3.3]undecanes. acid 
cleavage of, 46, 16 
Diaza-bis-ltomo-steroids, 50, 15, 25 

1.2.3- Diazaborines. 2,3-dihydro-2,3- 
dimethyl-, nitration. 47, 341 

1.3- Diaza-1,2-cyclooctadiene, see 
Carbodiimide, N.N'-pentamethylene 

1.2- Diazacyclooctenes see 1,2-Diazocines, 
3,4,5,6,7,8-hexahydro-3.4-Diazanor- 
caradienes, mass spectra, 49, 429 

Diaza-semibullvalenes, rearrangement to 

1,5-diazocines, 46, 19 

1.3- Diaza-2-silacyclohexa-4,6-dienes, 
reaction forming l,5-diazocin-2-ones. 

46, 20 

6.7- Diazatetracyclo[3.2.1.0 :!4 0 :!8 ]octane. 
photolysis. 50, 6 

Diazenes, see Azo compounds 
Diazene mechanism for 

diaminobenzimidazole oxidation, 53, 
173 

1.2- Diazepines. rearrangement to 
pyridazines. 49, 402 

[1.3] Diazepino[l,2-<]quinazolines, 52, 120 

[1.3] Diazepino[2,l-6]quinazolines. 52, 119 

[1.4] Diazepino[2,l-h]quinazolines, 52, 120 
Diazete, dihydro-acetoxy-, from a- 

formylphenylhydrazone, 53, 288 

1.2- Diazetidin-3-ones, dimerization, 50, 67 
[1,2]Diazeto[ 1,2-a]pyridazine-1,4- 

dicarboxylate, 2-oxohexahydro-. 
dialkyl, 49, 197 

Diazines. directed metalation in (review), 52, 
187 

Diazirino( 1,2-c][3,4]benzodiazocine-3,10- 
dione, 4,9-dihydro-1,1- 
pentamethylene-, 50, 11,21 
Diazo(nium) coupling, general description, 

47, 67 
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Diazo coupling, to 
dehydroacetic acid, 53, 48 
diazines, activated, 47, 348, 389 
dihydro-pyrrolo-indoles, 47, 259 
indole, 47, 209 

2- phenyl-l,3-thiazine-4,6-dione, 50, 142 
pyrazolinones, 47, 172 
4-thiazolidinones, condensed, 49, 100 
triacetic lactone, 53, 41 

Diazo groups 

direct introduction into azoles, 48, 154 
reductive removal, 48, 130, 133, 141, 142, 
143 

Diazoalkanes, cycloaddition to 
imines, 46, 223 

tetrachlorocyclopropene, 49, 391 
Diazoalkanes, reaction with 
azo-heterocycles, 46, 185 
2,2'-azopyridine, 49, 312 

3- diazopyrazoles, 48, 260: 49, 284 
l-hydroxyisatin-3-hydrazones, 51, 146 
see also Diazomethane 

Diazoalkanes, phosphorylated, 
carbalkoxylated, reaction with 
cyclopropenylium salts, 49, 402 
Diazoazoles (review), 48, 65 
Diazoazoles 
basicity, 48, 85 
C-13 nmr spectra, 48, 70 
coupling reactions, 48, 121, 123, 126 
infrared spectra, 48, 74 
nitrogen rearrangement, 48, 79 
reduction by alcohols, 48, 101 
synthesis, 48, 154 
thermolysis and photolysis, 48, 86 
ultraviolet spectra, 48, 72 
see also the individual ring systems, diazo¬ 
derivatives 

1.2- Diazocines (review), 50, 1 

1.2- Diazocane, oxidation, 50, 10 

1.3- Diazocanes, 50, 39 

1.3- Diazocane, 1,3-ditosyl-, 50, 42 

1,5-Diazocanes, metal complex formation, 

46, 45 

1,5-Diazocanes, 1-alkyl-, 46, 2, 7, 13 

1.5- Diazocanes, 3,3,7,7-tetranitro- 
synthesis, 46, 34 

uses, 46, 59 

see also 1,5-Diazocines, octahydro- 

1.5- Diazocane-l-acetic acid (dacoma) metal 
complexes, 46, 46 


1.5- Diazocane-l,5-diacetic acid (dacoda) 
metal complexes, 46, 45, 46 

1.2- Diazocane-3,8-diones, perfluoro-, 50, 11 

1.2- Diazocines 
reactions, 50, 20 
synthesis, 50, 3 

theory and structure, 50, 16 

1.2- Diazocine 
synthesis, 50, 6 

valence isomerism, 50, 6. 17 

1.2- Diazocines, 3,8-diaryl-4,5,6,7- 
tetrahydro-, 50, 12, 20, 22 

1.2- Diazocine, 4.7-dichloro-3,8-diphenyl- 
nucleophilic substitution in, 50, 22 
photolysis, 50, 23 

synthesis, 50, 12 
thermolysis, 50, 23 

1,2-Diazocine, 4-diethylamino-6,7-dihydro- 
3,8-diphenyl-, 50, 7 

1,2-Diazocine, 1,2-dihydro-, aromaticity, 

50, 16 

1.2- Diazocine, 3,8-diphenyl-, 50, 12, 22 
(E) and CZ)- 1,2-Diazocines, 3,4,5,6,7,8- 

hexahydro-, 50, 4. 9, 17, 21, 28 

1.2- Diazocines, octahydro-, see 1,2- 
Diazocanes 

1.3- Diazocines (review), 50, 26 

1.3- Diazocines 
synthesis, 50, 27 

theory and structure, 50, 44 
uses, 50, 32 

1.3- Diazocines, hetero-fused, 50, 31 

1,3-Diazocines, 3,4,5,6,7,8-hexahydro-, 50,42 

1.5- Diazocines (review), 46, 1 

1.5- Diazocines 
biological effects, 46, 58 
ring cleavage, 46, 56 
uses, 46, 58 

1.5- Diazocines, 1-alkyloctahydro-, 46, 2, 

7, 13 

1.5- Diazocines, 2,5-diphenyl-4,8-dimethyl, 
isomerism, valence tautomerism, 46, 19 

1.5- Diazocine, octahydro-, 46, 20 

1.5- Diazocines, octahydro-, 3,3,7,7- 
tetrasubstituted, 46, 16, 34, 42 

1,5-Diazocines, octahydro-3,7- 
bismethylene-. 46, 22 
see also 1,5-Diazocanes 
E- 1,2-Diazocine-3,8-dione, 1,2,4,5,6,7- 
hexahydro-1,2- -diphenyl-, 50, 5 
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l,3-Diazocine-2,4(l//,3//)-diones, 50, 30 

1.5- Diazocine-2,4-diones, 46, II 

1.5- Diazocine-2,4-dione, 3,3,7,7- 
tetramethyl-6,8-diphenyl-, 46, 14 

1.5- Diazocine-2,6-diones, 46, 11 

1.5- Diazocine-2,8-diones, reduced, 46, 

14, 24 

1.2- Diazocin-4(5//)-one, 6,7-dihydro-3,8- 
diphenyl-, 50, 7 

1.2- Diazocin-4(77/)-one, 7,7-dimethyl- 
3,5,6,8-tetraphenyl-, 50, 7 

1.3- Diazocin-2-one, hexahydro- 
chemistry, 50, 32, 33 
synthesis, 50, 28 

1.3- Diazocin-2-one, hexahydro, riboside, 
50, 33 

[l,4]Diazocino[8,l-6]quinazolines, 52, 124 
Diazocyclopentadienes, C-13 nmr spectra, 
48, 70 

Diazo-IC (4-diazoimidazole-5- 

carboxamide), biological activity, 48, 
162 

Diazoimidazoles, photolysis, thermolysis, 
48, 102, 103 

4-Diazoimidazole-5-carboxamide 
biological activity, 48, 162 
mass spectrum, 48, 77 
ultraviolet spectrum, 48, 72 
see also under Imidazole 
a-Diazoketenes, by ring-opening of 3 H- 
pyrazol-3-ones, 48, 256 
Diazomethane 
for methylation of 

3-mercapto-1,2,4-benzothiadiazine 1,1- 
dioxide, 50, 287 
thymidine, 49, 141 
1,2,4-triazolines, 46, 273 
reaction with 

1-acetoxyisatin, 51, 145 
3-(dicyanomethylene)-1 -hydroxy-2- 
oxindole, 51, 146 

l-hydroxyindole-2-carboxylic acid, 51, 
130 

meleagrin, 51, 151 

3- pyridazinones, 49, 410 

4- thiazolidinones, condensed, 49, 103 

1.4- Diazonane, formation, 49, 228 

1.5- Diazonan-2-one, 4-phenyl-, 49, 256 
Diazonium coupling, see Diazo-coupling 
Diazonium salts 


cycloaddition to dienes, 49, 391 
pyridazines from, 49, 390, 392 
Diazonium salts, azole, 48, 81 
3-Diazooxindoles 
C-13 nmr spectra, 48, 70 
thermolysis and photolysis, 48, 95 
5-Diazotetrazole 
instability of, 48, 76 
thermolysis and photolysis, 48, 116 
Diazotic acids (diazo-hydroxides) and 
diazotates, 48, 83, 108 
Diazotization, of 
amino-azoles, 48, 156 
3-aminoisoquinoline, 52, 162 
aminopyridazinones, 49, 416 
Dibenz[c,mn]acridin-5-one, 51, 58 
Dibenz[c,<?][l,2]azaborine, 9,10-dihydro-10- 
methyl-, nitration, 47, 381 
Dibenz[cd,g]indazol-6(2//)-ones, 51, 43 
Dibenz[cd,g]indol-6(l//)-ones, 51, 32 
Dibenzo[c,g]carbazole, biological 
hydroxylation, 51, 157 
Dibenzo[de,/!]cinnoline-3(27/),7-diones, 

51, 69 

Dibenzolde,/i]cinnolin-7-ones, 51, 68 
Dibenzo[c,g][l,2]diazocine, 50, 4 
Dibenzo[c,g][l,2]diazocine, 5,6-dihydro-, 
50,4 

Dibenzo[c,g][l,2]diazocine, 11,12-dihydro- 
metal complexation, 50, 18 
protonation, 50, 18 
synthesis, 50, 3 

Dibenzo[c,g][l,2]diazocine 5-oxide, 11,12- 
dihydro 

metal complexation, 50, 19 
synthesis, 50, 4 

Dibenzo[c,g][ 1,2]diazocine, 5,6,11,12- 
tetrahydro-, 50, 4, 21 
Dibenzo[d/][ 1,2]diazocine, 5,8-dihydro-, 
50, 9 

Dibenzo[d/][l,2]diazocine, 5,6,7,8- 
tetrahydro-, 50, 9 

Dibenzo[d/][l,2]diazocines, 50, 12 
Dibenzo[d,g][l,3]diazocines, 5,6,7,12- 
tetrahydro-, and analogs, 50, 43 
Dibenzo[6/][l,5]diazocines, 46, 26, 51 
Dibenzo[6/][ 1,5]diazocine bis-quaternary 
salts 

hydration, 46, 50 

reaction with glycine ester, 46, 53 



358 


CUMULATIVE SUBJECT INDEX 


Dibenzo[6/][l,5]diazocine, 6,12- 
bisdimethylamino-, 46, 26 
Dibenzo[6/][l,5]diazocine, 6,12-diaryl-, 46, 
30, 31 

Dibenzo[A/][ 1,5]diazocine, 6,12-dichloro-, 
46, 25 

Dibenzo[6/][ 1,5]diazocines, 5,6,11,12- 
tetrahydro- 

formation from Troger’s base, 46, 15 
metal complex formation, 46, 46 
synthesis, 46, 27, 30, 34 
Dibenzo[6/][ 1,5]diazocine, 5,6,11,12- 
tetrahydro-, N,N'-bridged, 46, 15, 49 
Dibenzo[d/][ 1,2]diazocine-5,8-diones, 6,7- 
dihydro- 

conformation, 50, 19 
synthesis, 50, 10 
ultraviolet spectra, 50, 19 
Dibenzo[fe/][ 1,5]diazocine-6,12-diones, 
mass spectra, 46, 45 
synthesis, 46, 8, 24, 26, 27, 36 
Dibenzo[fe/][ 1,5]diazocine-6,12-dione, 

5.11- diaryl, 46, 16 

Dibenzo[6/][l ,5]diazocine-6,12-dione, 

5.11- dibenzoyl, 46, 17 
Dibenzo[6,g][ 1,5]diazocine-5,7(6//,12J/)- 

dione, formation, 46, 17 
Dibenzo[A/][l,5]diazocin-6(5/J Tones, 46,6 
Dibenzo[6/][ 1,5]diazocin-6(5W )-one, 12- 
amino-, 46, 25 

Dibenzo[A/][l,5]diazocin-6(5//)-one, 2,8- 
dichloro-12-phenyl-, 46, 33 
Dibenzo[6,g][l,5]diazocin-5(U//)-ones, 
formation, 46, 17 

Dibenzo[3,4:7,8][ 1,4]diazocino[2, \-b\- 
quinazoline, 52, 125 
Dibenzofurans 
acylation, 47, 245 
alkylation, 47, 245 
electrophilic substitution 
general consideration, 47, 239 
partial rate factors, 47, 250 
hydrogen exchange, acid-catalyzed, 47, 
242 

lithiation, 47, 247 
nitration, 47, 243 
protiodesilylation, 47, 246 
sulfonation, 47, 247 

Dibenzo[d,g]pyrazolo[5,1 -A>][ 1,3]diazocin- 
10-one, 50, 40 


Dibenzo[de,g]quinoline ,4,5-dione alkaloid 
synthesis, 52, 178 

Dibenzo[de,>i]quinolin-7-one, 2-hydroxy-, 
51, 56, 58 

Dibenzo[n,g]quinolizinium salts, 50, 201 
Dibenzothiadiazocine 5,5-dioxides, by 
rearrangement of 1,2,4- 
bedzothiadiazine dioxides, 50, 290 
Dibenzo[A,/]thianthrene-5,7,12,l4-tetrone, 
48, 375 

Dibenzothiophenes 
acylation, 47, 246 
electrophilic substitution 
general considerations, 47, 239, 248 
partial rate factors, 47, 250 
hydrogen exchange, acid-catalyzed, 47, 
242 

lithiation, 47, 247 
nitration, 47, 243 
protiodesilylation, 47, 246 
sulfonation, 47, 247 

Dibenzothiophene 5-oxide, reaction with 
aryl Grignards, 48, 17 
Dibenzo[c,<?][] ,2,4]triazocine, 5,12- 
dihydro-, 50, 50 

Dibenzo[c/][ 1,2,4]triazocin-12-one, 9- 
diethylamino-11-methyl-, 50, 50, 56 
Dibenzo[d,g][ I,2,3]triazolo[5,1 - 
6][l,3]diazocin-l4-one, 50, 40 
Dibenzo[a,d]tropylium salts, 50, 172 
Diborane, reduction of 
amide, 46, 3 
1,3-thiazines, 50, 124 

1.2- Dibromopropane, pyrrolization of 
oximes by, 51, 279 

2.3- Dichloro-5,6-dicy anobenzoquinone 
(DDQ) in aromatization of fused 1,2,4- 
triazolines, 46, 256 

Dichlorocarbene, reaction with 
isochromenes, 50, 188 
Dictamnine (furoquinoline alkaloid), 52,287, 
288 

N,N'-Dicyanobenzamidine, condensation 
with anthranilic ester, 52, 113 
Dicyclohexylcarbodiimide, cyclization of 
anthranilic acid derivatives by, 46, 27 
Diels-Alder reactions 
intramolecular, 46, 100 
of 3(2//)-isoquinolinones, 52, 165 
of 1,2,4-triazines, 46, 127 
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Diemenensins, pyrone derivatives, 
structure, 53, 23 

Diene synthesis, see Diels-Alder reaction 
Diethyl ether, cleavage by 3- 
pyrazolylidenes, 48, 98 
Dihaloethanes, pyrrolization of oximes by, 
51, 272 

Dihydroperiphylline, synthesis, 46, 41 
Diisoeugenol, structure and 
transformations, 50, 161 
Diketene 

cycloaddition to l,2,4,5-tetrazines,49,394 
dimerization, 53, 2 
reaction, with 

dialkylsulfur dimides, 50, 303 

1,2-dimethylindole, 51, 37 
Meldrum’s acid, 53, 15 
2-methoxy-l-pyrroline, 49, 259 
2-oxazolines, 49, 229 
2-pyrazolines, 49, 199 
0-Diketones, condensation with 
A-aminoazoles, 53, 184 
1(A),2-diamines, 53, 195 
Dimedone. Schmidt rearrangement of, 46,11 
Dimercura(III)triptycenes, 48, 378 
1,1 -Dimethoxyethene, cycloaddition 
to 2-diazo-dicyanoimidazole, 48, 151 
to 3-diazopyrazoles, 48, 149 
Dimethylamination using DMF, 49, 123, 138 
p-Dimethylaminobenzaldehyde, 

condensation with pyrroles, 47, 121 

1,3-Dimethylbenzimidazolium iodide, as 
catalyst in benzoylation, 46, 103 
Dimethylsulfoxide anion, nucleophilic 
methylation using. 46, 104 
Dimroth rearrangements, see 
Rearrangements 

Dinaphtho[ 1,2-0,1' ,2'-e][ 1,4]dithiin. charge 
transfer complex, structure. 48, 305 
0-(2.4-Dinitrophenyl) hydroxylamine 
(DNPH), synthesis, amination by, 

53, 89 

Dioxiran-spiro-3-naphthalide. 51, 62 
Di( 1 ff-3-oxobenzo[*]quinoIin-2-ylidene), 
51, 54 

Diphenic anhydride, reaction with 
hydrazines, 50, 10 

Diphenic hydrazide, conformation, 50, 19 
O-Diphenylphosphinyl hydroxylamine 

(DPPH), synthesis, amination by, 53,89 


1,5-Dipolar cyclizations, 46, 217 

1.3- Dipolar cycloadditions, forming 1,2,4- 
triazolines, 46, 197 

Dipole moments, of 
A-aminoazoles, 53, 150 
A,A'-biazoles, 53, 150 
1,5-diazocanes, 46, 42 
2-diazo-4,5-dicyanoimidazole, 48, 69 
3,4,5,6,7,8-hexahydro-1,2-diazocines, 

50, 17 

pyridazine, 49, 425 
N,N'-Dipyrazoles, 53, 92 
Dipyrazolo[3,4-c:4',3'-e]pyridazine, 3.6- 
dihydro-, synthesis, 48, 228 
Dipyrazolo[ 1,5-a, 1' ,5'-e][l ,3,5,7]tetra- 
zocine-3,9-dicarboxylic ester, 
4,5,10,11-tetrahydro-, 50, 64 
Dipyrido-l,5-diazocinediones, 46, 28 
Dipyrido[l,2-a.T',2'-<?][l,3,5,7]tetrazocine- 
6,13-dithione, 50, 64 
Di-(2-pyridyl)alkanes, synthesis from 
dinitriles, 48, 191 

Dipyridyl ketones, diethylaminocarbonyl-, 
52, 263 

Di-2-pyridyl disulfide, in condensation 
reactions, 48, 48 

Dipyrimido-l,5-diazocinediones, 46, 28 
Dipyrrolot 1,2-c:2', 1 '-/]pyrimidin-3-one 49, 
223 

Dipyrrolot 1,2-c:2', 1 '-/]py rimidin-3-one, 
l,2,10,10a-tetrahydro-, nmr, 
conformation, 49, 223 
l,l-Di-(2-pyrrolyl)ethanes, 51, 258 
Dipyrromethanes, a-methyl-, 51, 258 
Diquat (1,1 '-ethylene-2,2'-bipyridylium 
dibromide), synthesis, 48, 190 

1.3- Dithiane, lithio-, reaction with pyridine, 

1,8-naphthyridine, 52, 203 
Di-(2f/-l ,3-thiazin-2-yl), 3,3 ,6,6'- 
tetrahydro-2,2'-diphenyl-, 50, 128 
Di-(6//-1,3-thiazin-6-ylidene), 50, 122 
1,2,4-Dithiazolium salts, condensation with 
a-cyanoesters, 50, 98 
Dithiazolo[3,4-0:3',2’-<fl[l,2,4]triazol- 
3(2H)-ones, 49, 39 

Dithienobenzenes, see Benzodithiophenes 
Dithieno-cycloheptenyl cations, hydrogen- 
exchange, acid-catalyzed, 47, 262 
Dithieno[2,3-0;2',3'-/][ 1,5]diazocine, 4,9- 
bis(dimethylamino)-2,7-dimethyl-, 

46, 29 
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Dithieno[2,3-£.-2',3'-/][l,5]diazocine, 4,9- 
diaryl-, 46, 32 

1,2-Dithiolium ions, phenyl-, nitration, 47, 
163 

Dithieno-thiophenes 
acid-catalyzed hydrogen exchange, 47, 
272 

Hiickel localization energies, 47, 274 
Di-2-thienyl sulfoxides, reaction with aryl 
lithiums, 48, 21 

1,4-Dithiins, tetramethoxycarbonyl-, 
synthesis, 48, 203 

Dithiocarbamates, reaction with a/3- 
unsaturated ketones, 50, 93 
Dithiolatoethene-cobalt complexes, 
synthesis, 48, 202 

1,2-Dithiolium salts, 3-methylthio-, 

condensation with 4-hydroxy-2-pyrone, 
53, 41 

Dithionaphthalic anhydride, 51, 62, 65 
Dithiooxamide, reaction with malonic 
esters, 50, 94 
Diuretics 

1.2.4- benzothiadiazine, 50, 275, 276, 296 

1.2.4- benzothiadiazine dioxides, 
structure-activity relations in, 50, 282 

1,3-diazocines, 50, 35, 45 
4-hydrazino-7-methoxy-2//-l ,2,3- 

benzothiadiazine 1,1-dioxide, 50, 262 
pyrazolo-quinazolines, 52, 24 
pyrrolo-quinazolines, 52, 15 
Dopamine antagonists, 49, 255 
DPT (3,7-dinitro-1,3,5,7-tetraazabicyclo- 
[3.3.1]nonane), 50, 58 
Dye, dibenzotriazocinone, 50, 56 
Dyes, merocyanine, thiazolo[3,2-a]pyri- 
midines, 49, 20 
Dye couplers, 

pyrazolo[l,5-h][l,2,4]triazoles, 48, 264 
Dye-line photocopying, using diazo-azoles, 
48, 164 


E 

Ecarazine, metabolites of, 49, 280 
Economics of amination techniques, 49, 184 
Elasnin, 2-pyrone derivative, enzyme 
inhibitor, 53, 2 

biogenesis, structure, synthesis, 53, 23 


Electrical conductivity of thianthrene, 48, 
326 

Electrochemical properties, of 
iV-aminoazoles, 53, 150 
benzo[c]pyrylium ions, 50, 242 
Electrochemical reduction of 1,3-thiazines, 
50, 128 

Electrochemistry of tris(2-deoxy-2- 
ascorbyl)amine, 53, 244 
Electron deformation densities by X-ray 
crystallography, in Co complexes, 48, 
217 

Electron densities, calculated, in azoles, 47, 
179 

Tr-Electron densities in six-membered rings, 
calculated, 47, 394 

Electron diffraction by pyridazines, 49, 431 
Electron-impact luminescence of 
pyridazine, 49, 429 

Electron spin resonance (ESR) spectra, of 
benzo[c]pyrylium radicals, 50, 242 
carbazole 9-oxyls, 51, 169 
dehydroascorbic acid derived radicals, 53, 
237, 238, 240, 243 
pyrrole-l-oxyl radicals, 51, 112 
4,5,6,7-tetrahydro-1,1,3,3-tetramethyl- 
pyrrolo[3,2-c]pyridine 1-oxyl, 51, 234 
thianthrene radical cations, 48, 325 
thianthrene oxides, radical anions, 48, 325 
Electron spin resonance spectroscopy 
in pyridine anion dimerization, 52,271,272 
in S RN 1 reactions, 48, 36 
Electron transfer mechanism in nitration, 
47, 42 

Electronic ^-deficiency of azines, from C-13 
nmr data, 46, 75 
Electro-oxidation, of 
1,5-diazocanes, 46, 55 
l-(2-pyridyl)-2-naphthol derivative, 51, 37 
Electrophilic substitution in heterocycles: 

quantitative aspects (review), 47, 1 
Ellipticine, synthesis, 52, 288, 294 
Ellipticine analogs, 52, 278, 279, 284, 
288-290 

Ellipticine, 1-fluoro-, 52, 281 
Emission electronic spectroscopy of 
pyridazine, 49, 427 

Enamines, 3,5-diketo-, from dehydroacetic 
acid analogues, 53, 56 
Enaminoketones, condensation with 
thioacyl isocyanates, 50, 97 
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Entropy of activation, in reactive species 
identification, 47, 19 

Encounter control of reaction rate, 47,40,54 
Encounter rates of reactions, 47, 19 
Enzyme inhibitors 
angiotensin-converting, 49, 254 
3-diazopyrazole-4-carboxamide, 48, 161 
phosphodiesterase (cyclic AMP), 49, 280 
pyridazines, 49, 437 

Epihomaline, structure and synthesis, 46, 39 
Episulfide synthesis, via 
2-benzylthiopyridine anion, 48, 46 
2-methylthiooxazolines, 48, 47 
Epoxides, sulfinyl 
desulfinylation by BuLi, 48, 22 
rearrangement, 48, 52 
ESR, see Electron spin resonance 
Ester group transfer, base-catalyzed, 49, 45 
Ethanol, 2-piperidino-, oxidative cyclization 
49, 229 

Ethoxy acetylene, reaction with oximes, 51, 
281 

Ethoxymethylene cyanoacetate esters, 
cyclisations with, 46, 192 
Ethoxymethylenemalononitrile, 
cyclizations with, 46, 192 
Ethylene glycol bis-oxime ethers, 51,273-279 
Evolitrine (furoquinoline alkaloid). 52, 288 
Experimental procedures for studying 
acid-catalyzed H/D exchange rates, 47,13 
1-arylethyl acetate decomposition, 47, 80 
catalytic pyridine synthesis, 48, 204 
nitration, 47, 44 

rates under standard conditions, 47, 29 
Explosive tendencies of diazoazoles, 48, 78, 
164 

Explosives 

N.N'-bibenzotriazoles, 53, 213 
polynitro-polyamines, cyclic, 50, 56 
tetranitro-l,5-diazocanes, 46, 59 


F 

Fagarine (furoquinoline alkaloid), 52, 288 
•y-Fagarine, dihydro-, 52, 286 
Fasciculines, pyrone derivatives, structure, 
53, 34 

Ferricyanide, nucleophilic substitution in 
presence of, 46, 119 


Fervenulin, 53, 176 

Fischer base (l,3,3-trimethyl-2- 

methyleneindoline), condensation with 
peri-hydroxynaphthaldehydes, 51, 11 
Flash vacuum pyrolysis of pyridazine, N- 
oxides 49, 421 
Flavazoles, 53, 292 

Fluorenone-1-carboxylic acid, cyclization 
with hydrazine, 51, 69 
Fluorescence of pyridazine, 49, 429 
Fluorescence spectroscopy of 2,2-dialkyl- 
2A 6 -[l]benzothieno[3,2-c][l,2,6]thia- 
diazin-4-one 5,5-dioxide, 50, 310 
Fluorination, of 

diamino-1,2,4,5-tetrazine, 46, 234 
pyrimidinones, 47, 343, 346 
Formaldoxime, reaction with propiolic ester, 
51, 281 

Formylation, methods and quantitative 
studies, 47, 64 

Formylation of benzo[<fe]cinnolines, 47, 389 
Free radicals, see Radicals 
Friedel-Crafts acylation 
of electron-rich heterocycles, 47, 104 
of thianthrene, 48, 332 
steric effects in, 47, 106, 107 
Fries rearrangements, anionic, in pyridyl and 
quinolyl carbamates, 52, 245, 251, 252 
Frontier molecular orbital (FMO) theory, 
and cycloaddition of diazo-azoles, 48, 
145 

Fulvene, 6-dimethylamino-, reaction with 

1,2,4-triazines, 46, 88 
Fungicides 

1.2.4- benzothiadiazines, 50, 296 
5-cyanoperhydrooxazolo[3,2-a]pyridines 

49, 232 

1,5-diazocanes, 46, 59 

1.3- diazocines, 50, 35 
oxadiazolo-quinazolines, 52, 63 
pyridazinylthiophosphate, 49, 431 
pyrimido-quinazoiines, 52, 92 
tetrazolo-quinazolines, 52, 70 

1.2.4- thiadiazine 1,1-dioxides, 50, 265, 
297 

l,2,6-thiadiazin-4-one 1,1-dioxides, 50, 
313 

1.3- thiazine-2,4-diones, 50, 150 
thiazolo-quinazolines, 52, 50 
triazolo-quinazolines, 52, 61 
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1.2.4- triazolo[4,3-a]quinoxalines, 49, 280 

1.2.4- triazolo[3,4-6][ 1,3,4]thiadiazi nes, 

49, 361 

Furans 

acid-catalyzed hydrogen exchange, 47, 90 
acylation, 47, 109, 131 
addition of bromine, 47, 101 
alkylation reactions, 47, 102 
lithiation, 47, 120 
Furan 

nitrilimine cycloaddition to, 48, 270 
reaction with atomic carbon, 48, 117 
Furan ring, intramolecular cycloaddition of 
benzyne to, 51, 50, 80 
Furans, a-acetoxyethyl- 
pyrolysis, 47, 124 
solvolysis, 47, 123, 125 
Furan-2(3W)-ones, 4-acetyl-4,5-dihydro-, 
reaction with hydrazine, 49, 399 
Furan-3(2W)-ones, 2-arylazo-2,5-dihydro-, 
49, 400 

2.3.4- Furantriones (review), 53, 233 

2.3.4- Furantrione 3,4-dioxime, 53, 252 

2,3,4-Furantrione 3-oxime 4- 

phenylhydrazones, 53, 250, 252, 262 

2,3,4-Furantrione 4-oxime 3- 

phenylhydrazones, 53, 250, 252, 262 
Furasonal, bacteriostat, 53, 212 
Furfural, 2,5-dialkoxy-tetrahydro-, acetal, 
pynolo[l,2-a]pyrazines from, 49, 242 
Furo-l,5-diazocinones, hexahydro-, 46, 37 
Furo-l,4-dioxans derived from 
dehydroascorbic acid, 53, 269 
Furo-dioxolanes derived from 
dehydroascorbic acid, 53, 268 
Furo[3,2-f>]furan-2,5-dione, 3,6-diphenyl-, 
reaction with hydrazine, 49, 400 
Furo[3,2-6]furanones derived from 
dehydroascorbic acid, 53, 255 
Furo-furazans derived from 

dehydroascorbic acid, 53, 266 
Furo-imidazoles derived from 
dehydroascorbic acid, 53, 264 
Furo[3,2-b]indoles, electrophilic 
substitution, 47, 258 
Furo[3,2-c]pyran-4-ones, 53, 15 
Furo[3,2-t>]pyran-4-one, 4-methyl-, 
borohydride reduction, 53, 56 
Furo-pyrazines derived from 

dehydroascorbic acid, 53, 264 


lW-Furo[2,3-c]pyrazoles, formation, 48, 244 
Furo[2,3-c]pyrazoles, electrophilic 
substitution, 48, 273 
Furo[3,2-c]pyrazoles 
synthesis, 48 , 270 

electrophilic substitution, 48,272,274,276 
Furo-pyridazines derived from 
dehydroascorbic acid, 53, 264 
Furo[3,2-c]pyridine, lithiation, 47, 236 
Furo[3,4-i> and clpyridines, 52, 261, 263 
Furo[2,3-6]quinolines, 2,3-dihydro-, 52,247, 
256 

Furo[3,2-and 2,3-c]quinolines, dihydro-, 52, 
256 

Furo[2,3-6)quinoline alkaloids, 52, 286 
Furo-quinoxalines derived from 

dehydroascorbic acid, 53, 266, 283 
Furoxan, diphenyl-, formation 49, 423 
2-Furylboronic esters, peroxidolysis.46,152 


G 

GABA antagonists, pyridazines, 49, 436 
Gas-phase protonation of five-membered 
heterocycles, 47, 93 

Gas-phase pyrolysis of 1-arylethyl acetates, 
apparatus and experimental method, 
47,80 

Gas-phase uv spectrum of pyridazine, 49,427 
Gastric secretion inhibitors 
imidazo-quinazolines, 52, 33 
pyrido-quinazolines, 52, 79 
(±)-Gelsedine, 20-epi-, 51, 152 
Gelsedine, 14-0-hydroxy-, 51, 152 
Gelsemicine, structure, 51, 121, 152 
Gelsemicine, 3,4-didehydro-, 51, 152 
Gelsenicine, 51, 152 
Gelsevirine and analogs, 51, 153 
Gelsidine, 51, 152 

Geometry of pyridazine excited state, 49,425 
(+)-Gephyrotoxin, synthesis, 49, 224 
(-)-Gephyrotoxin-223AB, synthesis, 49,233 
Glucosinolates, methoxyindole, 51, 154 
Glutamine, deuteriated, formation, 49, 420 
Glutaraldehyde-urea condensation, 50, 30, 32 
Glutarimide, A/-piperidinomethyl-. 

photocyclization, 49, 208 
L-Glyceraldehyde and natural product 
synthesis, 53, 301 
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C-Glycosides, of 1,2.4-triazolo-fused azines. 
49, 313, 324 

Gold, complexes with pyridazines, 49, 432 
Gold(III) thianthrene complex, 48, 305, 362 
Gossypol oxime, cyclization. 51, 68 
Gramine, 1,5-dimethoxy-, natural 
occurrence, 51, 149 
Gramine, 1-methoxy-, 51, 138 
Granulomata inhibitors 

1.2.4- triazoles, fused. 49, 280 

1.2.4- triazolo-pyrimidines and analogs, 
49, 337 

Grignard reagents, reaction with 
2-acylthiopyridines, 48, 44 
benzo[c]pyrylium salts, 50, 184 
cyclic nitrones, 51, 113 
4-diazopyrazoles, 48, 130 
halopyridazines, 49, 410 
isocoumarins, 50, 163 
nitrones, cyclic, 51, 113 
4-phenyl-l,2,3-benzotriazine, 53, 94 
pyridazine N-oxides, 49, 421 
pyrimidinyl sulfoxides, 48, 20 
sulfoxides, 48, 7, 11, 17 
thianthrene radical cation, 48, 347 
4-thiazolidinones, condensed, 49, 103 
2-tosyl-3-pyridazinones, 49, 404 

1.2.4- triazines, 46, 86, 87, 120, 130, 133, 
134 

2.4.5- triphenyl-3//-pyrrol-3-one 1-oxide, 
51, 111 

Grignard reagents, benzyl, reaction with 
sulfoxides, 48, 18 

Grignard reagents, 3- and 4-pyridyl, 
formation from sulfoxides, 48, 14 
Guanazole, nitrosation 48, 138 
Guanidine, reaction with 4-oxy-2-pyrones, 
53, 63 

Guanidine, diamino-, aminotriazoles from, 
53, 127 

Guanosine and derivatives 
amination via sulfonylation, 49, 161, 162 
N-amination, 53, 107 
nucleophilic substitution in, 49, 144 


H 

Half-sandwich complexes of cobalt, 
catalysts, 48, 180 


Haloalkylation, quantitative studies, 47, 63 
Halogen groups in directed metalation, 52,190 
Halogen-azine complexes, 47, 342 
Halogenation, general description, 47, 70 
Halogenation, of 

azoles, rates and orientation, 47, 165 
benzazoles, 47, 226 
dehydroacetic acid at 6-Me, 53, 51 
furans, 47, 101 

4-hydroxy-2-pyrones at ring-C, 53, 40 
4-methoxy-6-methyl-2-pyrones at 6-Me, 
53, 49 

1- methoxyindole, 51, 138 

2- phenyl-l,3-thiazine-4,6-dione, 50, 142 
pyrazines, 47, 347 

pyridazines, 47, 342 
pyrimidines, 47, 342 
pyrroles, 47, 101 
selenophenes, 47, 98 
U 6 -l,2,4-thiadiazine 1-oxides, 50, 294 
4-thiazolidinones, condensed, 49, 104 
thiophenes, 47, 98 
see also Bromination, Chlorination, 
Fluorination and Iodination 
Hammett equation, application to 
diazoazoles, 48, 85 

pyridazinone reduction potentials, 49,420 
see also Linear free energy relationships 
Hammond postulate, 47, 135 
Helipyrone, structure, synthesis, 53, 23, 39 
Hemostatic pyridazinones, 49, 437 
Heptane-2,4,6-trione, formation from 
dehydroacetic acid, 53, 55 
Herbicides 

2.1.3- benzothiadiazin-4-ones, 50, 313 

1.3- diazocines, 50, 32 
oxadiazolo-quinazolines, 52, 63 
2-(4-oxoimidazol-2-yl)nicotinamide 

derivative, 52, 295 
pyridazines, 49, 438 
4-thiazolidinones, condensed, 49, 105 
thiazolo-quinazolines, 52, 50 

1.2.4- triazolines, 46, 174 

[ 1,2,4]triazolo[4,3-a][ 1 Jbenzazepines, 49, 
363 

1.2.4- triazolo-bithiazolinone, 49, 39 
Herbicide synergist, 1-aminobenzotriazole, 

53, 213 

Hetaryne formation on halo-azine 
metallation, 52, 194 
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Heterocycles, electrophilic substitution in 
(review), 47, 1 

Heteropentalenes, mesoionic, 53, 196 
Hexacyanoferrate(lH) oxidation of cyclic 
1,3-diamines, 46, 44 

Hexafluoroacetone-pyridine complexes, 
lithiation, 52, 274 

Hexamine (hexamethylenetetramine) 
conversion into RDX, 50, 58 
High-pressure amination of halo-azines, 49, 
139 

Hispidin, pyrone derivative, structure, 

53, 34 

Histamine H 1-receptor antagonist, 1,2,4- 
thiadiazine, 50, 297 
HMX (1,3,5,7-tetranitro-l,3,5,7- 
tetrazocane), 50, 58, 61 
Hoch-Campbell reaction, 51, 286 
Hofmann reaction, of naphthalimide 
derivatives, 51, 32 

Homaline, structure and synthesis, 46, 

38.40 

Homonaphthalic anhydride, 51, 82 
Homonaphthalimides, 51, 83 
Homophthalimides 
halo-dehydroxylation, 52, 162 
reduction, 52, 171 

Hopromine and related alkaloids, synthesis, 

46.40 

Humantenine, 51, 153 
Humantenirine, 51, 153 
Hunsdiecker reaction, using 1-hydroxy- 
pyridine-2-thiones, 48, 49 
Hydantoins, N-homoallyl-, cyclization to 
reduced imidazo[ 1,5-a]pyridin-3-ones, 
49, 209 

Hydralazine, metabolites of, 49, 280 
Hydrazides, reaction with thionyl chloride, 
49, 316 

Hydrazide oxidation (to -H) in 

dibenzo[6/][l,5]diazocines, 46, 50 
Hydroxylamine, (9-(2,4-dinitrophenyl)- 
(DNPH), synthesis, amination by, 

53, 89 

Hydroxylamine, O-diphenylphosphinyl- 
(DPPH), synthesis, amination by, 53, 89 
Hydroxylamine, O-mesitylenesulfonyl- 
(MSH), synthesis, amination by, 53, 89 
Hydroxylamine, O-tosyl-, synthesis, 
amination by, 53, 89 


Hydroxylamine O-sulfonic acid, synthesis, 
amination by, 53, 89 
Hydrazinolysis of chloro- and ethoxy- 
nitropyridines, 49, 123 
Hydrazones, oxidative cyclization, to 

1.2.4- triazoles, fused, 52, 55, 60 

1.2.4- triazolines, 46, 172 
Hydrazone-azo group tautomerism, 46, 182 
Hydrazone ring-chain tautomerism, 46, 173, 

182 

Hydrazones of 2,3,4-furantriones, 53, 250, 
253 

Hydrocarbon elimination on cyclization, 49, 
321, 340 

Hydrochlorothiazide, structure, 50, 282, 283 
Hydrogen bonding, effect on 
acid-catalyzed hydrogen exchange, 47,87, 
265, 272 
reactivity of 
pyridine s, 47, 319 
pyridine-l-oxides, 47, 321 
solvolysis of benzylic halides, 47, 314 
Hydrogen bonding, pyridazine-phenol, 49,427 
Hydrogen exchange in methylenetriazole 
system, 46, 235 

Hydrogen exchange, acid-catalyzed 
general considerations, 47, 7 
rate profiles, 47, 362, 364 
Hydrogen exchange, acid-catalyzed, in 
azoles, 47, 142 
benzodithiophenes, 47, 255 
l-benzopyran-4-one, 47, 365 
l-benzothiopyran-4-one, 47, 365 

1.3.5.2.4- benzotrithiadiazepine, 47, 399 
carbazoles, 47, 242 
cycl[3.2.2]azine, 47, 255 
dibenzofuran, 47, 242 
dibenzothiophene, 47, 242 
pyrazine, 47, 330 

pyridazines, 47, 327 

pyridines and pyridinium salts. 47, 281 

pyridine-/V-oxides, 47, 284 

pyridinones, 47, 283 

pyrimidines, 47, 328 

quinolines and isoquinolines, 47, 361 

thieno-thiophenes, 47, 265 

1.2.4- triazines, 47, 330 

1.3.5.2.4- trithiadiazepines, 47, 399 
1,3,5,2,4,6-trithiatriazepine, 47, 399 

Hydrogen exchange, base-catalyzed, in 
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azoles, 47, 147 
azolium ions, 47, 149 
isoquinolines, 47, 368 
quinoxalines and oxides, 47, 369 
1,5-naphthyridine, 47, 368 
1-methylperimidine, 47, 369 
1,10-phenanthroline, 47, 365 
pyrazines, 47, 336 
pyridazines, 47, 331 
pyrimidines, 47, 333 

quinolines and quinoline oxides, 47, 365, 
368 

1,2,4-triazines, 47, 337 
Hydrogen exchange of azoles, acid- 
catalyzed, 47, 142 
mechanism, 47, 142 
effect on rate, of 
methyl substitution, 47, 145 
protonation or quaternization, 47, 145 
pyridine-type nitrogen, 47, 143 
Hydrogen exchange of azoles, base- 
catalyzed, 47, 147 
mechanism, 47, 147 
site of reaction, 47, 148 
substituent effects, 47, 151 
Hydrogen exchange in benzo[b]-fused rings 
acid-catalyzed, 47, 184 
base-catalyzed, 47, 189 
Hydrogen exchange rates, comparison with 
nitration, in pyridines, 47, 323 
Hydrogenolysis of 1-methoxyindoles, 51, 
137 

Hydrolysis of 1,2,4-thiadiazine 1,1-dioxides, 
50, 287 

3-Hydroxy-1,2,3-benzotriazin-4-one, 
thermolysis, 46, 9 

Hydroxydesulfonylation of pyridinesulfonic 
acids, 48, 42 

Hydroxylation of quinoline, 47, 389 
Hydroxylation, biological, of indoles, 51,156 
Hydroxylation, electrophilic, of quinoline, 
47, 68 

Hydroxymethylation of imidazoles, 47, 170 
peri-Hydroxynaphthaldehydes 
condensations, 51, 11 
ring-chain tautomerism, 51, 10 
Hydroxylamine, TV-t-butyl-, reaction 
with phenylcyanoacetylene, 51, 286 
with sulfonylacetylenes, 51, 285 
1-Hydroxy-pyrroies and -benzopyrroles 
(review), 51, 105 


Hymenoquinone and analogues, pyrone 
derivatives, structure, 53, 34 
Hypholomines, pyrone derivatives, 
structure, 53, 34 
Hypnotics 

1,5-benzodiazocines, 46, 60 
pyrroloquinazolines, 52, 15 

1.2.4- triazino-quinazolines, 52, 113 

1.2.4- triazolo-benzodiazepines, 49, 367 
Hypoglycemic agents 

1,3-diazocines, 50, 45 
dibenzotriazocinone, 50, 56 
Hypotensive agents 
azepino-quinazolines, 52, 118 
3(2//)-isoquinolinones, 52, 178 
isoquino-quinazolines, 52, 83 
pyrazolo-quinazolines, 52, 24 
pyrido-quinazolines, 52, 79 
pyrimido-quinazolines, 52, 92 

1.3.4- thiadiazolo-quinazolines, 52, 66 
thiazolo-quinazolines, 52, 50 

1.2.4- triazolo[4,3-6]cinnolines, 49, 325 
triazolo-quinazolines, 52, 61 
triazolo-thiadiazoles, 53, 213 
triazolo-triazines, 53, 213 

Hypothermic agents, thiazolo-quinazolines, 
52, 50 

Hypoxanthine, base-catalyzed hydrogen 
exchange, 47, 236 

Hypoxanthine and derivatives, amination, 
49, 154, 162, 164 

Hypoxanthine, 9-benzyl-, N-amination, 53, 
108 


Imidates, reaction with hydrazine, 46, 181 
Imidazol 1,2-«]benzimidazoles, 53, 155 
Imidazo[l ,2-a]benzimidazoles, N-amino-, 
53, 106 

Imidazo[4,5-/]benzotriazoles, dihydro-N- 
amino-, 53, 122 

Imidazo[4,3-c][l ,3]diazocin-1 (10a H )-one, 
7,8,9,10-tetrahydro-3,5-dimethyl-, 

50, 39 

Imidazo[l,5-a:3,4-a']dipyridin-4-one, 11b- 
hydroxy-octahydro-, 49, 208 
lmidazo[l,2-a]imidazole, nitration, 47, 271 
Imidazoles 
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acylation, 47, 170 
N-amination, 53, 97 
bromination, 47, 167 

from amidoximes and acetylenes, 51, 283 
hydroxymethylation, 47, 170 
iodination, 47, 167 
lithiation, 47, 227 
nitration, 47, 157 
reaction with nitrilimines. 46, 207 
sulfonation, 47, 171 
trifluoromethylsulfenylation, 47, 171 
Imidazole, alkoxycarbonylation, 47, 67 
1 midazole, 1 -acetamido-2-amino-4-pheny 1-, 
methylation. 53, 162 
Imidazoles, JV-amino- 
oxidation. 53, 175 
synthesis, 53, % 

Imidazole, 2-amino-l-anilino-4-phenyl-, 
rearrangement in acid, 53, 160 
Imidazoles, 4-azido-. 48, 137 
Imidazoles, 1,2-diamino- 
cyclization with 

carboxylic acid derivatives, 53, 191 
a-dicarbonyl compounds, 53, 194 
oxidation products, 53, 176 
quantum calculations, 53, 147 
Imidazoles, 1,5-diamino- 
reaction with 

a-dicarbonyl compounds, 53, 194 
/3-ketoesters, 53, 195 
synthesis, 53, 98 
Imidazoles, diazo¬ 
basicity, 48, 85 
infrared spectra, 48, 75, 76 
photolysis 

in aromatic heterocycles, 48, 104 
in benzenes, 48, 103, 107 
in ethers, 48, 104, 106, 107 
synthesis, 48, 160 
ultraviolet spectra, 48, 72 
Imidazoles, 2-diazo- 
decomposition kinetics, 48, 79 
GABA-receptor binding, 48, 162 
Imidazoles, 4-diazo-, in photochemical 
image-forming, 48, 164 
Imidazole, 5(4)-diazo-4(5)-carboxamide, 
coupling reactions, 48, 134 
Imidazole, 2-diazo-4,5-dicyano- 
complexation with crown ether, 48, 133 
coupling reactions, 48, 132 


cycloaddition 
to butadiene, 48, 151 
to dimethylbutadiene, 49, 391 
to olefins, 48, 151 
decomposition in acid, 48, 121 
decomposition kinetics, 48, 79 
dipole moment, 48, 69 
nucleophilic loss of diazo, 48, 132 
reaction with thioureas, 48, 133 
spectra, C-13 and N-15 nmr, 48, 70 
thermolysis, 48, 103 
Imidazoles, fluoro-, hydrogen exchange 
rates, 47, 146, 153 

Imidazole, 1-methyl-, positional reactivities 
(cr + values), 47, 173 

Imidazoles, l-methyl-2-phenyl-, 53, 158 
Imidazoles, nitro- 
formation, 47, 157 
hydrogen exchange rates, 47, 153 
Imidazoles, (substituted-phenyl)-, nitration, 
47, 157 

Imidazole, triphenyl- 
oxidative dimerization, 53, 102 
reaction with tosyl azide, 53, 96 
Imidazoline-2-thiones, condensation with a- 
halo-acids/esters 49, 5, 8 
Imidazoline-2-thione, 4-amino-1 -methyl-5- 
methylimino-, 50, 297 

2-Imidazolin-4-ones, pyridyl-, lithiation, 52, 
295 

Imidazolium salts, JV-amino-, 53, 97 
Imidazolyl quinoxalinones from 
dehydroascorbic acid, 53, 287 
Imidazo[2, l-h]-l ,3.4-oxidiazoles 
formation, hydrolysis, 53, 99 
synthesis, 53, 199 
Imidazo[ 1,2-a]pyrazine 
electrophilic substitution, 47, 238 
frontier electron densities, 47, 229 
halogenation, 47, 239 
Imidazo[ 1,2-h]pyrazoles 
methylation, 48, 277 
synthesis, 48, 265 
tautomerism, 48, 285 

Imidazo[l,5-h]pyrazoles, synthesis, 48, 265; 
53, 100 

Imidazo[3,2-h]pyrazoles, 7-acyl-, 53, 190 
Imidazof 1,2-h]pyrazol-3-one 
arylhydrazones, 48, 260, 266 
Imidazo[ 1,2-h]pyridazine 
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base-catalyzed hydrogen exchange, 47, 
234 

deuteriation in acid, 47, 232 
Imidazot l,2-b]pyridazines, 2-(3- 
pyridazinylamino-), 49, 416 
Imidazot 1,2-b]pyridazine 1-oxides, 49, 417 
Imidazo[l,5-b]pyridazines, 53, 185 
ImidazotI,5-b]pyridazine, 6-amino-l,3,4- 
triaryl-, formation, S3, 196 
lmidazo[4,5-d]pyridazines, 49, 418 
lmidazo[ 1,2-a]pyridines 
bromination, 47, 237 
electrophilic substitution, 47, 238 
frontier electron densities, 47, 229 
hydrogen-exchange, 47, 232 
lithiation, 47, 236 

Imidazot 1,2-n]pyridine, 5-bromo-3- 

methoxy-2-phenyl-, bromine migration 
in, 52, 201 

Imidazot l,2-a]pyridine, 2-(2-furyl and -2- 
thienyl)- 

bromination, 47, 237 
nitration, 47, 237 

Imidazo[ 1,2-a]pyridines, octahydro-, 49, 226 
Imidazot l,2-u]pyridine, 5,6,7,8-tetrahydro- 
2-phenyl-, 49, 228 
midazot 1,5-a]pyridine, electrophilic 
substitution, 47, 238, 239 
Imidazot 1,5-n)pyridines, octahydro- 
conformational analysis, 49, 261, 264 
synthesis and reactions, 49, 208 
Imidazo[4.5-b]pyridine, base-catalyzed 
hydrogen exchange, 47, 233, 235 
Imidazot 1.5-u]pyridine-1,3-diones, 49, 211 
Imidazot 1,2-a]pyridinium salts, 1-amino-, 
53, 105, 106 

Imidazot 1,5-a]pyridinium salts, 2-amino-, 
electrophilic substitution. 53, 207 
Imidazot l,2-a]pyridin-3-, 5-, and 8-ones, 
hexahydro-, 49, 227, 228 
lmidazo[4.5-c]pyridin-2-ones, electrophilic 
substitution, 47, 238 
Imidazot l,2-n]pyrido[3.4-d]pyrimidin-2- 
one, dihydro-, 52, 284 
Imidazo-pyrimidines 
electrophilic substitution, 47, 238 
frontier electron densities, 47, 229 
hydrogen-exchange, 47, 232 
Imidazot l,2-fl]pyrimidinium salts, I-amino-, 
53, 105. 106 


Imidazot 1,2-o]pyrimidinium salt, 1 -amino-2 - 
methyl-, bromination, 53, 207 
Imidazotl,2-o]quinazolines, 52, 26 
Imidazo(2,l-b]quinazolines, 52, 26 
Imidazo[5,l-b]quinazolines, 52, 29 
Imidazotl,2-c]quinazolines, 52, 30 
Imidazo[4,5-g]quinazoline-6,8-dione, 3- 
amino-5,7-dimethyl-, 53, 105 
Imidazot 1,2-c][l ,2,3,5]selenatriazoles, 
mesoionic heteropentalenes, 53, 196 
1 midazo[5, \-d\- 1,2,3,5-tetrazin-4(3// Tones, 
formation, 48, 152 

lmidazo[4,5-d][l ,2,3]thiadiazin-4(5H)- 
imine, 48, 137 

1 midazo[2,1 -b][ 1,3,4]thiadiazoles 
formation, hydrazinolyis, 53, 99 
synthesis, 53, 199 

Imidazot l,2-c][l, 2,3,5]thiatriazoles. 

mesoionic heteropentalenes, 53, 196 
lmidazo[2,l-b]thiazole, mesoionic species, 
cycloadditions, 49, 84 
lmidazo[2,1-b]thiazole, 6-(2-furyl)-, 
electrophilic substitution, 47, 270 
Imidazo[2,l-b]thiazolium salts, 7-amino-, 
53, 105 

Imidazo[2,l-b]thiazol-3(2//)-ones, 49, 5 
I midazo[2,1 -b]thiazol-3(2W )-ones, 5,6- 
dihydro-, 49, 7 

Imidazo[5,l-b]thiazol-3(2W)-ones, 5,6- 
dihydro-, 49, 13 

Imidazo[5,l-b]thiazol-3(2WTones, 7-nitro-, 
49, 12 

Imidazo[l ,2-b][ 1,2,4]-triazepines and 
-triazepin-8-ones, 53, 195 
Imidazo[l,2-b][l,2,4]-triazepines, 7,8- 
dihydro-, 53, 196 

Imidazo[2,l-b][l,2,4]triazines, 53, 194 
Imidazo[2,l-c][l,2,4]triazines, formation in 
cycloadditions, 48, 151 
Imidazo[4,5-e]-l,2,4-triazine, 46, 117 
Imidazo[5,l-c][l,2,4]triazine-8- 
carboxamide, 48, 134 
Imidazo[4,5-d]-l,2,3-triazin-4-one, 48, 108 
Imidazo[l,2-b][l,2,4]triazoles, 53, 191 
Imidazo[2,l-c]-l,2,4-triazoles, 49, 288 
Imidazo[5,l-c]-l,2,4-triazoles, 49, 288 
Imidazot 1,2-b][ 1,2,4]triazole-2-thiones, 53, 
196 

7W-lmidazo[4,5-e][ 1,2,4]triazolo[2,3- 
b][l,2,3]triazine, 48, 83 
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A-Imines, see Azomethine imines, 

Nitrilimines, and others as derivatives 
of ring systems 
Imines, see also Schiff bases 
Iminium radical cations, in 1,5-diazocane 
series, 46, 44 

Imino-azide-tetrazole equilibrium, in 
quinazolines, 52, 68 
Iminophosphoranes, condensation with 
isocyanates and intramolecular 
cyclization, 52, 35, 52 
Iminophosphoranes, A-azolyl-, 53, 166 
Imipramine (antidepressant), analog, 52, 292 
Immuno-depressant/-suppressive agents 
benzimidazoquinazolines, 52, 36 
thiazolo-quinazolines, 52, 50 
Indazoles 

A-amination, 53, 92 
bromination, 47, 226 
Indazole, nitration, 47, 225 
Indazoles, A-amino- 
basicities, 53, 148 
electrochemical oxidation, 53, 150 
physical properties, 53, 147 
spectra 

infrared, 53, 151 
nmr, 53, 152 

Indazoles, 2-amino-, 53, 93 
Indazole, 2-amino-, oxidation, 53, 175 
Indazole, I-amino-3-chloro-, oxidation, 53, 
175 

I ndazole, 1 -(N-15-amino)-3-methoxy-, 
oxidative rearrangement, 53, 170 
Indazoles, l-dialkylamino-3-phenyl-, 53, 94 
Indazoles, 3-diazo-, synthesis, 48, 159 
Indazole, 3-diazo- 
coupling reactions, 48, 131 
in photochemical image-forming, 48, 164 
Indazoles, A-methyl- 
basicities, 53, 148 
electrochemical oxidation, 53, 150 
Indazole, 2-phenyl-, bromination, 47, 227 
Indazolium salts, 2-amino-l-methyl- 
condensation with /3-diketones, 53, 185 
synthesis, 53, 93 

Indazolium ion, l,3-dimethyl-2-amino-, 
rearrangement, 53, 160 
Indazolo[5,4,3-cde]indazole 1,6-dioxide, 
2a,3,4,4a,6a,7,8,8a,8b,8c-decahydro-, 
51, 44 


Indazolo[2,3-a]quinazolines, 52, 24 
Indazolo[3,2-/>]quinazolines, 52, 25 
Indazolo[2,3-c]quinazolines, 52, 25 
l//-Indene-2,6-diones, 3-aryl-5-methoxy-, 
50, 207 

Indeno[l,2-c]isoquinolin-ll-ones, 50, 194 
Indenones, epoxy-, photo-isomerization to 
benzo[r]pyrylium-4-oxides, 50, 162,222 
Indeno[l,2,3-<te]phthalazin-3-one, 51, 69 
Indigo, peri-naphtho analog, 51, 54 
Indoles 

acylation, 47, 207 
alkylation, 47, 202 
biological hydroxylation, 51, 156 
cycloaddition to 1,2,4,5-tetrazines, 49,396 
diazo-coupling, 47, 209 
electrophilic substitution, sites of, 47, 183 
formation by 1,5-benzodiazocine 
rearrangement, 46, 47 
halogenation, 47, 200 
hydrogen exchange 
acid-catalyzed, 47, 186 
at nitrogen, 47, 188 
mercuriation, 47, 209 
nitration, 47, 194 

oxidation forming 1,5-benzodiazocinones, 
46,4 

phosphonylation, 47, 210 
sulfonation, 47, 210 

thiocyanation, selenocyanation, 47, 209 
Indole 

detritiation, Bronsted coefficients, 47, 10 
reaction with 1,2,4-triazines, 46, 89, 95 
reactivity towards electrophiles, 47, 91 
Indole anions, hydrogen exchange, 47, 188 
Indoles, 3,4-disubstituted, precursors to 
Uhle’s ketone, 51, 35 
Indole, 1-acetoxy- 
metabolism, 51, 157 
properties, 51, 135 
synthesis, 51, 158 

Indole, 3-acetyl-l-methoxy-, structure, 51, 
120 

Indoles, l-acyl-3-(arylazo)- and precursors, 
reductive rearrangement to indolo[l,2- 
c]quinazolines, 52, 17 
Indoles, 1-acyloxy-, 51, 135 
Indole, 1-amino- 
basicity, 53, 148 

electrochemical oxidation, 53, 150 
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Indole, 3-amino-2-phenyl-,diazotization,48, 
157 

Indoles, 2-alkyl-, synthesis, 46, 154 
Indole, 3-alkyl-1 -hydroxy-2-phenyl-, 
radicals from, 51, 147 
Indole, 3-benzoyloxy-2-phenyl-, 51, 136 
Indoles, diazo¬ 
antibacterial activity, 48, 161 
thermolysis and photolysis, 48, 93 
synthesis, 48, 158 
uses, 48, 161 
Indole, 3-diazo- 

diazirine valence isomers, 48, 81, 97 
in photochemical image-forming, 48, 

164 

x-ray crystal structure, 48, 67 
Indole. 3-diazo-2-phenyl-, reaction with 
acid, 48, 120 

Indoles, 3a,7a-dihydro-, 48, 199 
Indole, 1,2-dimethyl-, reaction 
with diketene, 51, 37 
with malonyl chloride, 51, 37 
with /3-propiolactone, 51, 36 
Indole, 2-ethylsuIfinyl-3-methyl-, oxidation 
by peroxide, 48, 52 
Indoles, 1-hydroxy- (review), 51, 119 
Indole, 1-hydroxy- 
synthesis, 51, 157 
tautomerism, 51, 119 
Indoles, l-hydroxy-2-substituted, 51, 161, 
164 

Indole, l-hydroxy-2-methyl-, tautomerism, 
51, 123 

Indole, l-hydroxy-2-phenyl- 
acylation, 51, 136 
formation, 51, 165 
reactivity, 51, 133, 136 
synthesis, 51, 164 
tautomerism, 51, 123 
Indoles, 1-methoxy- 
properties, 51, 137 
synthesis, 51, 158 

Indole, l-methoxy-2-pheny!-, dyes from, 51, 
140 

Indole, 1-methyl-, electrochemical 
oxidation, 53, 150 
Indoles, 1-oxy- 
antibiotic, 51, 155 
biosynthesis, 51, 156 
mass spectra, 51, 126 


metabolism, 51, 156 
nmr spectra, 51, 123 
infrared spectra, 51, 122 
naturally-occurring, 51, 148 
radicals from, 51, 147 
reactivity, 51, 128 
Indole, 4,5,6,7-tetrahydro-, from 

cyclohexanone oxime, 51, 182,189, 192, 
269 

Indole, 4,5,6,7-tetrahydro-l-vinyl-, 51, 182, 
189, 192 

pilot plant production, 51, 197 
3//-Indole-spiro-cyclopropanes, 48, 94 
3//-Indole, 2,3,3-trimethyl 1-oxide, uv 
spectrum, 51, 121 

3//-Indole 1-oxide, 6-t-butyl-3,3-dimethyl-, 
51, 135 

3//-Indole l-oxide, 3,3-dimethyl-, as 
intermediate, 51, 143 
3//-Indole-l-oxides, 3-hydroxy-, 51, 164 
3//-Indole 1-oxides, 3-hydroxy-2-phenyl-, 
51, 134 

Indoleboronic acids, see Indolylboronic 
acids 

Indole-3-carbaldehyde, 1 -methoxy-, 
thallation, 51, 139 
Indole-3-carbonitriles, 1 -hy droxy-2- 
substituted, 51, 163, 167 
Indole-3-carbonitrile oxide, l-hydroxy-, 51, 
133 

Indole-2-carboxylic acid, I-hydroxy- 
properties, 51, 130 
synthesis, 51, 163 

Indole-2-carboxylic acid, 1-methoxy-, 
reactions, 51, 140 

Indole-3-carboxylic acid, 1-methoxy-, 
reactions, 51, 140 

Indole-3-carboxylic acid, 1-methoxy-, 
methyl ester, 51, 132 

Indole-4-carboxylic acid, Mannich reaction, 
51, 35 

Indole, 3-cyano-1 -hydroxy-2-methy 1-, 
oxidation, 51, 131 
Indole-2,3-dione, see Isatin 
Indolenines, reaction with nitrilimines, 46, 
207 

see also 3Z/-Indoles 
Indoline synthesis by intramolecular 
cycloaddition, 49, 396 
Indolines, 1,3-dihydroxy-, 51, 134 
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lndoline, l,3,3-trimethyl-2-methylene 

(Fischer base), condensation with peri- 
hydroxynaphthaldehydes, 51, 11 
lndoline, 2-phenyl-, peracid oxidation, 51, 
165 

Indolines, see also Indoles, 2,3-dihydro- 

2- Indolinones, see 2-Oxindoles 
Indolizidines, conformational analysis, 49, 

259 

Indolizidin-2-ones, synthesis by 
rearrangement, 49, 204 
Indolizines 
acylation, 47, 218 

hydrogen exchange, acid-catalyzed, 47, 
216 

nitration, 47, 218 

Indo!izin-5(l//)-one, 2,3-dihydro-7- 
hydroxy-, 49, 259 

lndolo[3,2-i>]indoles, 5a, 1 Oa-dihydro- 
5a,10a-diphenyl-, formation from 
dibenzo[fc/][l,5]diazocine reduction, 

46, 54 

6//-Indolo[3,2-fc][ 1,7]naphthyridine, 6- 
acetyl-5-methyl-, 52, 284 

3- Indolone azine, 48, 94 
Indolo[l,2-a]quinazolines, 52, 15 
Indolo[l,2-r]quinazolines, 52, 17 
Indolo[l,2-fc]quinazolines, 52, 16 
Indolo[2,3-bjquinoline, 52, 224 
Indolo[4,3-/jg]quinoline, 48, 198 
Indolo[2,3-fc]quinoxaline, 6-methyl-, 

calculations, 47, 251 
2-Indolylboronic acids/esters, use in 
synthesis, 46, 154 

Indophenine derivative from pyrrole and 
dehydroascorbic acid, 53, 273 
Indoxazenes, see 1,2-Benzisoxazoles 
Inductive effects, transmission in pyridines, 

47, 317 

Infrared spectra, of 
/V-aminoazoles, 53, 151 
2-amino-l,3-thiazin-4-ones, 50, 113 
benzo[c]pyrylium ions, 50, 239 

1,2,3-benzothiadiazines, 50, 261 
diazoazoles, 48, 73 

4.5- dihydrobenz|j?]indole, 51, 232 

4.6- diphenyl-1,3-thiazine-2-thiones, 50, 

114 

HMX polymorphs, 50, 61 
1-hydroxypyrroles, 51, 107 


3(2//)-isoquinolinones, 52, 159 

4-oxy-2-pyrone derivatives, 53, 8 
pyridazines, 49, 427 
pyrroles 
alkyl-, 51, 205 
alkyl-N-vinyl-, 51, 205, 243 
2-benzyl-, 51, 249 

2-cyclopropyl-3-propyl-!-vinyl-, 51, 243 
2-(2-furyl)-, 51, 222 
2-(2-thienyl)-, 51, 222 
3//-pyrrole, 3,3-dimethyl-2-phenyl-, 51, 258 
sulfur diimides, cyclic, 50, 311 

1.2.4- thiadiazines, 50, 285 

l,2,6-thiadiazin-4-ones, 3,5-disubstituted, 

50, 312 

thianthrenes, 48, 316 
4 H- and 6/f-l,3-thiazines, 50, 112 

1.3- thiazine-4,6-diones, 50, 114 
4-thiazolidinones, condensed, 49, 90 

1.2.4- triazolines, 46, 248 
Inhibitors 

of angiotensin-converting enzyme, 50,296 
of bone desorption, 50, 296 
of cytidine deaminase, 50, 33 
of dihydroorotase, 50, 297 
of peptic ulcers, 50, 296 
Inosine, N-amination, 53, 107 
Inosine 5’-phosphate, silylation-amination, 
49, 152 

Inosine tri-O-benzoate, thiation, amination, 
49, 170 

Inotropic agents 
pyridazinones, 49, 436 
5,6,7,8-tetrahydro-3(2//)- 
isoquinolinones, 52, 179 

1.2.4- triazolo[4,3-f>]cinnolines, 49, 325 
Insecticides 

1.3- diazocines, 50, 34 

1.2.4- thiadiazine 1,1 -dioxides, 50,265, 297 

1.2.4- triazolo-pyrimidines and analogs, 
49, 337 

Insecticide synergist, 1-aminobenzotriazole, 
53, 213 
Iodination, of 
benzo[fe]thiophene, 47, 200 
2-formylfuran, 47, 102 
indoles, 47, 201 
thiazole, 47, 166 
thiophenes, 47, 100 
Iodine pentafluoride, oxidation of 1,6- 
diamine by, 50, 4 
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Iodoboranes, uses in synthesis. 46, 144 
Iododeboronation of thiophene. 47, 74, 119 
Iodonium betaines from 4-hydroxy-2- 
pyrones, 53, 40 

Ionisation constants of benzo[c]pyrylium 
ions, 50, 243 

Ipso attack in nitration, 47, 43 
Iridium, complexes with pyridazines. 49, 
431,432 

Iridium(lII) thianthrene complex, 48, 362 
Iron, complexes with pyridazines. 49, 431 
Iron 7r-complexes, of 1,2,6-thiadiazines. 50, 
305 

Iron pentacarbonyl, reaction with a- 
azidostyrene, 49, 403 
Iron tricarbonyl complexes 
alkylation by, 47, 102. 202 
of cycloheptatriene-spiro-1.2,4-triazole, 
46, 203 

Isatin 3,3'-azine, 1,1'-dimethyl, 48, 95 
Isatin, 1-acetoxy-, reaction with 
diazomethane, 51, 145 
Isatin, 1-hydroxy-, 
properties, 51, 144, 146 
radicals from, 51, 147 
synthesis, 51, 144 

Isatin, 1-hydroxy-, 3-hydrazones, reaction 
with diazoalkanes, 51, 146 
Isatogen, 2-phenyl- 
formation, 51, 133, 165 
radical from, 51, 148 
Isatogen, 2-phenyl-peri-naphtho- analog, 

51, 58 

Isatogen oxime, 2-phenyl-, 51, 134 
Isatoic anhydride(s), condensation with 
a-aminoalkynes, 52, 39 
4-amino-3-mercapto-l ,3,4-triazoles, 52, 

65 

cyclic isothioureas, 52, 119 
3,4-dihydroisoquinolines, 52, 81 

2-isocyanatobenzoyl chloride. 52, 100 
isothioureas, 52, 88, 119 
o-phenylenediamine, 52, 35 
Islandic acid, pyrone derivative, structure, 
53, 24 

Isoaureothin, pyrone derivative, 
structure, 53, 24 
synthesis, 53, 54 

Isobenzofuran, 1,3-bistrimethylsilyl-, 
cycloaddition to pyridynes, 52, 220 


Isobenzofurylium perchlorate, 1,3,3- 
trimethyl-, condensation with peri- 
hydroxynaphthaldehydes, 51, 11 
Isochromanones, reaction with amines, 52, 
160 

3-Isochromanone, animation, 52, 171 
Isochromenylium salts, see 
Benzo[c]pyrylium salts 
Isochromenes 
acylation, 50, 185 

formation from benzo[r]pyrylium salts, 
50, 183, 237 
photolysis, 50, 187 

reaction with dichlorocarbene, 50, 188 
rearrangement to benzofulvenes, 50, 186 
Isocoumarins 

formation from benzo[c]pyryIium salts, 
50, 237 

reaction with Grignard reagents, 50, 163 
Isocoumarin, 3-methyl-, condensation with 
anthranilonitrile, 52, 80 
Isocyanates 
cycloaddition, to 
diazoimidazoles, 48, 152 

4-diazo-5-phenyl-l,2,3-triazole, 48, 154 
3-diazopyrazoles, 48, 149 
cyclization forming 1,2,4-triazoles, 46, 
195 

Isocyanate, chlorocarbonyl, condensation 
with 2-aminoquinazolines, 52, 113 
Isocyanate, methyl, condensation with 
quinazolin-4-one, 52, 113 
Isocyanides 

1-hydroxyindoles from, 51, 166 
photocyclization, intramolecular, 51, 84 
Isodehydroacetic acid 
structure, 53, 8 
synthesis, 53, 16 
Isofervenulins, 53, 177 
Isoimides of 1-amino-1.2,3-triazoles, 53,115, 
163 

Isoimides, triazolyl-, formation, 
rearrangement, 53, 115 
Isoindigo, l.l'-dihydroxy-, 51, 146 
Isoindigo, 1,1'-dimethyl-, 48, 96, 125 
Isoindole, acid-catalysed hydrogen 
exchange, 47, 218 
Isoindole, 2-alkoxy-l,3- 

bistrimethylsilyloxy-, 51, 167 
Isoindolin-l-ones, formation from 
benzo[c]pyrylium salts, 50, 198 
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Isoindolo[6,7,I-a/e]indole-2,5-diones,51,26 
Isoindolo[6,7,l[/g/i]indole-2,6-diones, 51, 26 
lW-Isoindolo[7,l ,2-ft(/]quino!in-10-one, 2,3- 
dihydro-, 51, 30 

Isoindolo[2,l-a]quinazolines, 52, 17 
Isoindolo[l,2-6]quinazolines, 52, 19 
Isonicotinic acid, see Pyridine-4-carboxylic 
acid 

Isonicotinonitrile, see Pyridine-4- 
carbonitrile 

Isoquino[2,1 -6]cinnolinium, 4-oxido-, 
mesomeric betaine, 52, 83 
Isoquinolines 

formation from benzo[c]pyrylium salts, 
50, 190 

hydrogen-exchange 
acid-catalyzed, 47, 361 
base-catalyzed, 47, 368 
mercuriation, 47, 388 
reaction with nitrilimines, 46, 205 
synthesis by modified Ritter reaction, 50, 
165 

Isoquinoline 

calculated ir-electron densities, 47, 3% 
dimerization by LDA, 52, 270 
localization energies, 47, 396 
reactivity of neutral species, 47, 392 
Isoquinoline N-oxides, synthesis, 50, 204 
Isoquinoline N-oxide 
hydrogen-exchange, acid-catalyzed, 47, 
365 

nitration, 47, 375 

Isoquinolines, a-acetoxyethyl-, pyrolysis, 
47, 390 

Isoquinoline, 3-allyloxy-, Claisen 
rearrangement, 52, 166 
Isoquinolone, 3-amino-, diazotization, 52, 
162 

Isoquinoline, 1,4-dichloro-, nucleophilic 
substitution in, 49, 143 
Isoquinolines, 3,4-dihydro-, condensation 
with isatoic anhydride, 52, 81 
Isoquinoline, 3-hydroxy-, tautomerism, 52, 
157 

Isoquinoline, 4-hydroxy- 
halogenation, 47, 384 
hydrogen-exchange acid-catalyzed, 47, 
364 

sulfonation, 47, 388 

Isoquinoline, 3-methoxy-, formation by 
alkylation, 52, 163 


Isoquinolines, 1,2,3,4-tetrahydro-, 
synthesis, 52, 173 

Isoquinolines, 1,2,3,4-tetrahydro-, iV-spiro- 
quaternary salts, 46, 57 
Isoquinolines. 3-substituted 5,6,7,8- 
tetrahydro-, synthesis, 48, 195 
lsoquinoline-4-carbaldehyde, 3-chloro-1 - 
phenyl-, 52, 172 

Isoquinoline-1,3,4-trione, 2-methyl-, 52, 166 
Isoquinolinic (pyridine-3,4-dicarboxylic) 
acid, triphenyl-, 51, 111 
lsoquinolinium boronate betaines, 46, 161 
Isoquinolinium salts, synthesis from 
benzo[c]pyrylium salts, 50, 195 
Isoquinolinium salts, 2-amino-, synthesis, 
50, 203 

Isoquinolinium salts, 3.4-dihydro-, 
formation. 50, 221 

Isoquinolin-3-ols, tautomerism, 52, 157 
3(2//)-lsoquinolinones and saturated 
derivatives (review), 52, 155 
3(27/ )-Isoquinolinones 
alkylation, 52, 163 
amination, 49, 160 
cycloadditions, 52, 165 
electrophilic substitution, 52, 166 
oxygenation, 52, 166 
photodimerization, 52, 166 
reduction, 52, 164 
spectra, 52, 157 
synthesis, 52, 159 
tautomerism, 52, 157 
3(2//)-Isoquinolinones, 4-acetamido-, 52, 
162 

3(2//)-Isoquinolinones, 1,4-diaryl-, 
tautomerism, 52, 158 
3(277)-Isoquinolinones, 1,4-dihydro- 
N-alkylation, 52, 174 
aromatization, 52, 160 
carbonyl substitutions of, 52, 173 
condensation with aldehydes, 52, 161, 171 
nitrosation, 52, 172 
ring cleavage, 52, 174 
synthesis, 52, 167 
Vilsmeier reactions with, 52, 172 
3(2//)-Isoquinolinone, 1-methylthio-, 
desulfurization, 52, 164 
3(2 H )-Isoquinolinones, 5,6,7,8-tetrahydro-, 
52, 175 

Isoquinolinylboranes, in coupling reactions, 
46, 150 
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Isoquino[2,l-6][2,6]naphthyridine 
synthesis, 48, 198 
Isoquino[2,l-a]quinazolines, 52, 80 
Isoquino[2,3-a]quinazolines, 52, 81 
Isoquino[ 1,2-6]quinazolines, 52, 81 
Isoquino[3,2-6]quinazolines, 52, 83 
Isoquino[2,l-c]quinazolines, 52, 83 
Isothiazoles 

base-catalyzed H exchange, 47, 149 
lithiation, 47, 173 
nitration, 47, 159 

Isothiazole, positional reactivities (cr + 
values), 47, 173, 174 

Isothiazole, 4,5-dimethyl-, formation, 50, 
102 

Isothiazoles, phenyl-, nitration, 47, 156, 159 
Isothiazole, 4-phenyl-, bromination, 47, 168 
Isothiazoleanthrones, 51, 45 
Isothiazolin-3-ones, halogenation, 47, 168 
Isothiazolium salts, base-catalysed H 
exchange, 47, 152 
Isothiazolium salts, 2-phenacyl-, 

rearrangement to 1,3-thiazines, 50, 101 
Isothiocyanates, aryl-, reaction with N- 
aminoazoles, 53, 188 
Isothiocyanates, aryl-, cycloaddition to 
1,2,4-triazole 4-acylimines, 53, 206 
Isothiosemicarbazones, cyclization 
with a-haloketones, 53, 97 
to 1,2,4-triazolines, 46, 191 
Isothiosemicarbazone 5,5,5-trioxides, ring- 
chain tautomerism, 46, 190 
Isotope effects in H exchange, correction 
for, 47, 33 
Isoxazoles 

chloromethylation, 47, 170 
mercuriation, 47, 174 
nitration, 47, 158 
sulfonation, 47, 171 
synthesis from a-chloro-oximes and 
acetylides, 51, 263, 281 
Isoxazole, bromination, 47, 167 
Isoxazole, 3-amino-, from oximes and 
cyanoacetylene, 51, 267 
Isoxazoles, 5-halo-, reaction with hydrazine, 
53, 90 

Isoxazoles, 5-hydrazino-, rearrangement, 
53, 90 

Isoxazoles, phenyl- 
bromination, 47, 167 


nitration, 47, 158 
Isoxazoleanthrones, 51, 45 
Isoxazole-4,5-dicarboxylate, 2,3-dihydro- 
3,3-dimethyl-2- -(1,2-dicarboxyvinyl)-, 
51, 281 

Isoxazolidin-3-one, condensation with 
anthranilic acid, 52, 36 
4-Isoxazolines, from ketoximes and 
acetylenic esters, 51, 281 
Isoxazoline-4,5-dione 4-phenylhydrazone, 
3-(trihydroxypropyl)-, 53, 283 
Isoxazolium salts, phenyl-, nitration, 47,159 
Isoxazolo[5,4-<f]isoxazoles, 3a,6a-dihydro-, 
49, 403, 423 

Isoxazol-5(2W)-one, 3-methyl-4-(3- 
methylisoxazol-5-yl)-, 53, 57 
Isoxazole, pyrido-fused, rearrangement to 
N-aminopyrazole, 53, 96 
Isoxazolo[2,3-a]pyridines, hexahydro- 
nmr spectra, 49, 205 
quaternization, 49, 202 
reductive rearrangements, 49, 201 
stereochemistry, 49, 202, 205, 261 
synthesis, 49, 200 
x-ray crystal structure, 49, 205 
Isoxazolo[2,3-a]pyridin-2-one, hexahydro-, 
49, 204 

Isoxazolo[3,2-6]quinazolines, 52, 36 
Isoxazolo[2,3-c]qujnazolines, 52, 36 


J 

Japp-Klingemann reactions 
in Uhle ketone synthesis, 51, 36 
with 2-diazobenzimidazole, 49, 289 
with diazoimidazoles, 48, 132, 135 
with diazoindazoles, 48, 131 
with 2-diazonio-benzoic ester, 52, 64, 67 
with diazo-pyrazoles, 48, 127, 130, 
with diazotriazoles, 138, 141 
Juglone, pyranone ring peri-fusion to, 51, 51 
Julg aromaticity index, 50, 16 


K 

Kawa pyrones 
occurrence, 53, 22, 33 
photochemical dimerization, 53, 70 
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structures, 53, 22 
synthesis, 53, 12, 53 

Kawains and analogs, pyrone derivatives, 
53, 20, 34 

Keramidonines, 51, 55 

Ketazine, formation from phenylhydrazone, 

48, 252 

Ketenes, reaction with N,N'- 

pentamethylenecarbodiimide, 54, 38 
Ketenes, trimerization to pyrones, 53, 21 
Ketene intermediates in pyrone 
rearrangements, 53, 69 
Ketene, co-condensation with S0 2 and 
2-(p-nitrophenyl)-2-oxazoline, 49, 15 
2-phenyl-2-thiazoline, 49, 14 
Ketene, chlorocarbonyl-phenyl-, 

condensation with 1-aminopyrazoles, 
53, 186 

Ketene, azido-, reaction with 2-oxazolines, 

49, 229 

Ketene, dichloro- 

cycloaddition to /3-ketoenamine, 53, 19 
reaction with /3-methoxycrotonate silyl 
enol ether, 53, 20 
Ketene acetals 

cycloaddition to 1,2,4,5-tetrazines, 49,394 
reaction with 1,2,4-triazines, 46, 88 
Ketene dithioacetals, in synthesis of 4- 
alkylthiopyrones, 53, 18 
Ketenimine, A-p-toly 1-diphenyl-, reaction 
with 3-phenylazirine, 52, 7 
a-Keto-acids, condensation with 1(A),2- 
diamines, 53, 194 

/3-Keto-enamine, steroidal, reaction with 
dichloroketene, 53, 19 
/3-Keto-esters 
condensation with 
A-aminoazoles, 53, 184 
1(A),2-diamines, 53, 195 
dimerization by base, 53, 19 
Ketoximes, pyrroles from, with acetylenes 
(review), 51, 177 
Ketoximes, O-vinyi-, 51, 253 
Kinetic isotope effects, in indole H 
exchange, 47, 187 
Kinetics, of 

aminodephenoxylation of phenoxy-1,3,5- 
triazine, 49, 143 

formation of pyrroles from oximes, 51, 
193, 230 


nitration 

calculation, 47, 44 
decomposition, interference from, 
47,45 

standard conditions, 47, 56 
nitro-dediazoniation in azoles, 48, 139 
oxidation of 4-amino-1,2,4-triazole, 53, 
169 

protodeboronation, 46, 152 
Kogusaginine (furoquinoline alkaloid), 52, 
288 

Krohnke oxidation of 6-bromomethyl 2- 
pyrone, 53, 50 


L 

Labeled pyridazines, synthesis, 49, 403 
/3-Lactams 

in alkaloid synthesis, 46, 39, 41 
ring-expansion to l,5-diazocin-2-ones, 

46, 19 

/3-Lactams, A-(l ,3-diazacycloocten-2- 
ylthio)-, 50, 35 

/3-Lactams, 1,3-thiazino-fused, 50, 143 
Lactones, large-ring, formation using 
pyridinethiol esters, 48, 48 
Lanthanide, complexes with pyridazines, 49, 
432 

Lasubine, synthesis, 49, 200 
Laudanosine, tautomerism, 52, 157 
Lawesson's reagent 
in 1,3-thiazine synthesis, 50, 99 
reaction with anthranils, 46, 32 
Lead tetraacetate 
nitrene generation from 3- 

aminoquinazolin-4-one by, 52, 119 
oxidation of an alkylideneamidrazone, 46, 
235 

ring contraction of fused 1,3,4- 
benzotriazepine by, 52, 108 
Leaving groups, reactivity in nucleophilic 
aromatic substitution, 48, 25 
Leaving-group activity in pyrimidine 
animation, 49, 124 
Lespedamine, 51, 149, 162 
Leukemia inhibitors 
azolo-triazenes, 48, 165 
1,2,4-triazolo[ 1,2,4]triazines, 49, 355 
Leucodrin, spiro-lactone, 53, 270 
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Levulinoyl chloride, condensation with 
anthranilamides, 52, 8 
Lewis acid catalysis of amination, 49, 149 
Ligand coupling and exchange in a- 
sulfuranes, 48, 3, 6, 11, 17 
Linear free energy relationship (LFER) 
in 1-arylethyl acetate pyrolysis, 47,78,212 
of reaction rates for electron-rich 
heterocycles in 
acylation, 47, 105, 110 
furan substitution, 47, 121 
general discussion, 47, 132 
halogenation of 2-phenylthiazoles, 47, 
166 

hydrogen exchange, 47, 87 
mercuration reactions, 47, 115 
see also Hammett equation 
Lipid reducing agents, 1,4-dihydro-3(2//)- 
isoquinolinones, 52, 179 
Liquid crystalline pyridazines, 49, 439 
Lithiation, general description, 47, 60 
Lithiation, of 
azines (review), 52, 187 
azoles, 47, 173 

benzo[h]fused heterocycles, 47, 209, 227 
diazines, 47, 350 
dibenzo-fused five-membered 
heterocycles, 47, 247 
furans, 47, 120 
4-methoxy-2-pyrones, 53, 42 
selenolo[2,3-h]thiophene, 47, 271 
thianthrene, 48, 350 
thiophenes, 47, 113, 114 
Lithiodehalogenation 
general description, 47, 74 
of thiophenes, 47, 114 
Lithium aryls, reaction with sulfoxides, 

48, 21 

Lithium dialkylamides, lithiation of 
halopyridines by, 52, 208 
Lithium heteroaryls, borate anions from, 46, 
145, 146, 153, 154 
Lithium tetrahydroaluminate 
in reduction of 
aminals, quaternized, 46, 50 

1.2.4- triazolimine. mesoionic. 46, 230 
1,3-triazines, 50, 127 

1.2.4- triazolinones, 46, 233 

in synthesis of perhydrodiazocines, 46, 2, 
13, 16 


Lixazinone (phosphodiesterase inhibitor), 
analogs, 52, 283 
Lophine (triphenylimidazole) 
oxidative dimerization, 53, 102 
reaction with tosyl azide, 53, 96 
Lubricant additive, 1,3-thiazine, 50, 150 
Lumazine riboside, 6,7-diphenyl-, 
amination, 49, 150 
Luteoreticulin, pyrone derivative, 
biosynthesis, 53, 24 
mass spectrum, 53, 11 
structure, 53, 24 
synthesis, 53, 13 
Luzopeptins, 49, 433 


M 

Macomammelins, pyrone derivative, 
structure, biosynthesis, 53, 24 
Macrocycles, poly-ether and -thioether 
incorporating pyridine rings, 48, 28 
Macrophins, pyrone derivatives, structure, 
biosynthesis, 53, 24 
Madelung synthesis by directed o- 
metalation, 52, 235 
Magnesiation 
general description, 47, 61 
of azoles and benzo-azoles, 47, 227 
Magnetic circular dichroism (MCD) of 
dihydro-diazocines, 50, 16 
Maillard reaction, 53, 240 
Maleic anhydride, cycloaddition, to 
benzo[c]thiophene, 49, 83 
1-nitronaphthalene, 51, 28 
thiazoles, mesoionic, 49, 82, 84 
Maleic hydrazides, halogenation, 49, 407 
Maleic hydrazide 
N-amination, 49, 408 
complexation with Ti(III)- 
cyclopentadienide, 49, 432 
oxidation, one-electron, 49, 419 
plant growth inhibition, 49, 420 
Raman spectrum, 49, 427 
Maleimides, N-arylamino-, rearrangement 
to pyridazinediones, 49, 400 
Maleimide, N-phenyl-, cycloaddition, to 
carbonyl ylid, 51, 59 
1-hydroxypyrrole, 51, 109 
thiazoles, mesoionic, 49, 86 
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Malonic esters, reaction with 
a-bromoacyl bromides, 53, 246 

2-methylquinazolin-4-ones, 52, 71 
Malononitrile 
condensation with 
acetoin and anthranilic ester, 52, 8 
2-acetylcyclohexanone, 52, 175 
(V-(o-carboxyphenyl)-C-aroyl- 
hydrazidoyl chlorides, 52, 20 
reaction with 
hydrazine, 48, 241 
8-hydroxy-l-naphthaldehyde, 51, 78 
Malonyl chloride 

condensation with thioamides, 50, 90, 94 
pyrones from, 53, 16, 18 
Malonyl chlorides, alkyl-, condensation with 
2-aminothiazol-4(5H)-ones, 49, 23 
Manganese, complexes with pyridazines, 49, 
431, 432 

Mannich condensations 
forming 

1,5-diazocines, 46, 22 
tetrazocane derivs, 50, 60 
of indole-4-carboxylic acid, 51, 35 
of I-methoxyindole, 51, 138 
of 4-thiazolidinones, condensed, 49, 99 
Mass spectra, of 
N-aminoazoles, 53, 153 
3,8-diaryl-4,5,6,7-tetrahydro-l,2- 
diazocines, 50, 20 
diazoazoles, 48, 76 

dibenzo[!>/][l ,5]diazocine-6,12-diones, 
46, 45 

3,4-dihydro-l,2,4-benzothiadiazines, 50, 
283 

flavazoles, 53, 293 
1-hydroxyindoles, 51, 126 
1-hydroxypyrroles, 51, 107 
4-oxy-2-pyrones, 53, 10 
pyridazines, 49, 428 
sulfur diimides, cyclic, 50, 311 

1.2.3- thiadiazines, 50, 261 
thianthrenes. 48, 324 

1.3- thiazines, 50, 117 
4-thiazolidinones, condensed, 49, 96 

1,2,4-triazolines, 46, 248 

Mechanistic aspects of Co-catalysed 
pyridine synthesis, 48, 205 
Medicinal uses of 1,5-diazocines, 46, 58 
Meldrum’s acid, reaction with diketene, 

53, 15 


Mercuration, general description, 47, 61 
Mercuration, of 
azoles, 47, 172 

benzo[6]selenophene, 47, 209 
dibenzo-fused five-membered 
heterocycles, 47, 247 
indoles, 47, 209 
isoquinoline, 47, 388 
quinolines and quinoline oxides, 47, 388 
thiophenes, 47, 114 
Mercury(II), oxidative cyclization of 

amino-/amido-t-amines by, 52, 72, 75, 
117, 118 

Mercury(II) thianthrene complex, 48, 363 
Mercury(III) triptycene analog, 48, 378 
Merocyanine thiazolo[3,2-a]pyrimidine 
dyes, 49, 20 

Mesembrine, synthesis, 49, 236 
O-Mesitylenesulfonyl hydroxylamine 

(MSH), synthesis, amination by, 53, 89 
Mesityllithium, use in lithiation, 52,240,242 
Mesoionic structures 
heteropentalenes, 53, 1% 

3- oxidopyrazolo[l,2-a]pyrazole-l-thione, 

48, 255 

4- oxido-thiazoliums, cycloadditions of, 

49, 77 

4-oxido-thiazoliums, quinazolino-fused, 

52, 43 

thiazolo-pyrimidinones, fused, 49, 56, 

57, 59 

thiazolo[3,2-a]quinazolinones, 49, 67 

1,2,4-triazoles, 46, 230 
Mesomeric betaines 
pyrazolo[ 1,2-a][1,2,3]triazines, 48, 249 
pyrazolo[l,5-</][l,2,4]triazines, 48, 244 
pyridazines, 49, 408, 429 
Metals and metal carbonyls, complexes with 
pyridazines, 49, 431 
Metal complex formation, by 
dehydroacetic acid, 53, 6, 47, 72 

I, 5-diazocanes, 46, 45 

II, 12-dihydrodibenzo[c,g][l,2]diazocine, 

50, 18 

3-(a-iminoalkyl)-4-hydroxy-2-pyrones, 

53, 6, 72 

5,6,11,12-tetrahydrodibenzo[6/][ 1,5]- 
diazocines, 46, 46 

Metalation, directed, of 7r-deficient aza- 
aromatics (review), 52, 187 
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Metalla-cycles, seven-membered, in alkyne/ 
nitrile trimerizations, 48, 212, 213 
Methoxy groups, nucleophilic substitution 
of, in 1,2,4-triazines, 46, 90, 102, 107, 
110, 115, 116 

1-Methoxybrassinin, 51, 150 
Methoxydechlorination in pyridines and 
derivatives, kinetics, 48, 25 
Methyl 2-chlorophenyl ketone, O- 
vinyloxime, 51, 210 
Methyl groups 
activating effects 

in five-membered heterocycles, 47, 134 
in H exchange reactions, 47, 145, 217 
in pyrroles, 47, 122 

effect on imidazo-thiazolinone stability, 
49,9 

halogenation during chloro- 
dehydroxylation, 49, 128 
substituent effects 
in indolizines, 47, 217 
on hydrogen exchange, 47, 145, 217, 
328, 330 

Methyl isocyanate, reaction with 1- 
hydroxyisatins, 51, 144 
Methylation of 3-mercapto-l ,2,4- 

benzothiadiazine 1,1-dioxide, 50, 287 
C-Methylation of quinoline, 47, 389 

1- Methylbenzo[c]pyrylium salts, 

condensation 
with aldehydes, 50, 179 
with azomethines, 50, 180 

2- Methylenecyclohexa-3,5-dienethione, 

formation and cycloaddition, 50, 260 
Methylphosphonic diamide, tetramethyl- 
(diaphos), as solvent for basic media, 
51, 195 

Methylthio groups, nucleophilic substitution 
of, in 1,2,4-triazines, 46,96,99,101,102, 
105, 107, 108, 111, 113, 115 
Mice, potentiation of hypnosis in, 48, 163 
Minaprine (psychotropic), 49, 435, 436 
Minisci reaction with pyridazines, 49, 406 
Model compounds, use in identifying 
reactive species, 47, 17 
Molecular orbital calculations 
CNDO/2, on 1,2,4-triazinium cations, 

46, 83 
LCAO, on 

thianthrene, 48, 305, 306 


thianthrene radical cation, 48, 324 
see also Theoretical calculations 
Molecular mechanics calculations, on 
thianthrene, 48, 307 
3,4,5,6,7,8-hexahydro-l,2-diazocines, 

50, 17 

Molybdenum complexes with pyridazines, 
49, 431 

Monamycins, 49, 433, 434 
Monoamine oxidase inhibitors, 
pyridazinones, 49, 437 
Monomorine. synthesis, 49, 235 
Mononuclear heterocyclic rearrangement 
(MHR), pyrazolinone to pyrazole, 48, 
252 

Moodie-Schofield plots, of 
nitration rates, 47, 49 
nitration of amino-nitropyridines, 47, 294 
Motor fuel additives, 1.5-diazocanes, 46, 59 
Munchnone, reaction with diazonium salts, 
46, 261 

Mundulea lactone, pyrone derivative, 
structure, synthesis, 53, 24, 38 
Muscle relaxants 
1,3-diazocines, 50, 32, 37 
1,5-diazocines, 46, 58, 60 
4-thiazolidinones, condensed, 49, 105 
thiazolo-quinazolines, 52, 50 

1.2.4- triazoles, fused, 49, 280, 367 

1.2.4- triazolo-benzodiazepines, 49, 367 
Muscular neuroblockers, azo-di-azolium 

salts, 53, 213 


N 

5,11-Naphthacenoquinones, 51, 47 
Naphthl 1,2,3-U]acridin-9-ones, 51, 55 
1-Naphthaldehyde, 8-hydroxy-, Claisen 
condensation, 51, 78 
Naphthaldehyde anil, 8-nitro-, phosphite 
cyclization, 51, 70 
Naphthalenes, formation from 

benzo[c]pyrylium salts, 50, 217, 235 
see also Naphthols. Naphthylamines 
Naphthalene 

comparison of reactivity with quinoline 
and isoquinoline, 47, 368, 391 
detritiation rate profile, 47, 19 
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N aphthalene, 1 -acylamino-8-azido-, 
thermolysis, 51, 44 

Naphthalene, l-acyl-8-hydroxy- oximes, 
cyclization, 51, 67 
Naphthalene, l-acyl-8-hydroxy- 
hydrazones, cyclization, 51, 68 
Naphthalene, 2-amino-3-azido-, 53, 120 
Naphthalene, 1,8-bishydroxymethyl-, Ru 
oxidation, 51, 60 
Naphthalene, 1,8-diacetyl-, 
photocyclization, 51, 60 
Naphthalenes, 1,8-diamino-, cyclization 
reactions, 51, 42, 75, 76 
see also Naphthalene-1,8-diamine 
Naphthalene, 1,8-diazido- 
reaction with diiron enneacarbonyl, 51,73 
thermolysis, 51, 41 

Naphthalene, 1,8-dibenzoyl-, reaction with 
phenyllithium, 51, 59 
Naphthalene, 1,8-didehydro-, generation, 
reactions, 53, 181 

Naphthalene, 2,3-dihydrazino-, reaction 
with aryl aldehydes, 53, 105 
Naphthalene, 1-nitro-, cycloaddn to maleic 
anhydride, 51, 28 

Naphthalene, l-nitro-8-phenylethynyl-, 
photocyclization, 51, 58 
Naphthalene-1,8-diamine 
condensations with acetylenic esters, 

51, 86 

oxidation, 51, 42 

Naphthalene-l-diazonium ion. 8-azido-, 
radical cyclization with CS 2 , 51, 73 
Naphthalene-1,8-diol, 2-acetyl-3,6- 
dimethyl-, formation, 53, 64 
Naphthalene-1,3-diols, 4-acyl-, formation, 
53,69 

Naphthalene-1,8-disulfinic acid 
dehydration, 51, 41 
reaction with SCI 2 , 51, 77 
Naphthalene-1,8-disulfonic thioanhydride, 
51, 77 

Naphthalic acid, zinc reduction, 51, 61 
Naphthalic anhydride 
condensation with 1,2-disubstituted 
hydrazines, 51, 88 
formation, 51, 63 
pyrolysis, 51, 16 
Naphthalic anhydrides, 51, 63 
condensation 


with amines and diamines, 51, 66 
with cyclohexanone, 51, 66 
Naphthalic dithioanhydride, see 
Dithionaphthalic anhydride 
Naphthalic ester, reaction with 
phenyllithium, 51, 59 
Naphthalic thioanhydride, 51, 65 
Naphthalide, 51, 60 
Naphthalide, 3,3-diaryl-, 51, 61 
Naphthalide, 3,3-dichloro-, 51, 61 
tautomerism, 51, 62 

Naphthalides, 3-hydroxy-, and derivatives, 
51,60 

Naphthalide-3-spirodioxiran, 51, 62 
Naphthalimide, Al-hydroxy- derivatives, 
naphthostyrils from, 51, 32, 34 
Naphthalimides, iV-substituted, 51, 66 
Naphthaloyl chloride, reaction with 
arenes, 51, 61 
sodio-malonic ester, 51, 62 
tautomerism, 51, 62 
1,8-Naphthalyne, generation and 
reaction with CS 2 , 51, 17, 73; 53, 181 
trapping, 51, 43, 53 
Naphthf 1,8-6c]azepines, 51, 81 
Naphth[1,8-hc]azepines, 1,2,3,4- 
tetrahydro-, 51, 81 

Naphth[l,8-6c]azepin-2-ones, 51, 81, 82 
l//-Naphth[ 1,8-6c)azetes, 51, 9 
Naphthimidazoles, electrophilic 
substitution, 47, 252, 253 
Naphth( 1,2-d]imidazoles, 2-aryl-N- 
arylamino-. 53, 105 

Naphth[2,3-d]imidazoles, l-amino-2-aryl-, 
53, 104 

Naphth[2',3':4,5]imidazo[2,l-6]thiazol- 
3(2//)-ones, 49, 71 

Naphth[r,2':4,5jimidazo[2,l-<)]thiazol- 
3(2//)-ones, 49, 72 

Naphth-2',3':4,5[imidazo[2,l-b]thiazol- 
3(2//)-one 5,10-quinone, 49, 71 
Naphth[ 1,2,3-<d]indol-6(2//)-ones, 51, 29, 
38, 39 

Naphth[l,2-#]isoquinolines, 52, 279, 289 
Naphth[2,3-£]isoquinoline-6,11-diones, 52, 
279 

Naphth[2,3-/?]isoquinoline-5,12-dione, 1 - 
chloro-6,10,1 l-trihydroxy-, 52, 290 
l//-Naphth[l,8-crf]isothiazole S,S-dioxide, 
see 1,8-Naphthosultam 
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Naphtho[ 1,8-e/]-1,4-diazepines, 51, 86 
Naphto[ 1,8-de][ 1.2]diazepine-l ,4-diones, 
2,3-dihydro-, 51, 88 

Naphthol 1 ,S-de][ 1,2]diazepin-l(2//)-ones, 
51, 88 

Naphthol l,8-6c]-1,5-diazocines, 46, 34, 43 
Naphthol 1 ,%-de]- 1,3-dioxin, 51, 72 
Naphthol l,8-<</,4,5- 

cV]di[ 1,2,6]selenaadiazine. 51, 76 
Naphthol 1,8-cd,-4,5-c'rf']di[ 1,2,6]thiadiazine 
physical properties, 50, 310 
radical anion from, 50, 310 
synthesis, 50, 30, 51, 76 
Naphtho[ 1,8 -de]- 1,3-dithiinium cations, 

51, 72 

Naphtho[ 1,8-de]-1,3-dithiin-2-thione. 51, 72 
Naphtho[l,8-crf]dithiole. 51, 40 
Naphthol l,8-a/]dithiole 1,1-dioxide. 51, 

41, 53 

photolyis, 51, 8 

Naphthol 1,8-cd]dithiole 1.1,2-trioxide. 
51,41 

Naphthol 1,2-a,-5,6-o']dithiophene- 
3,8(2J/,7J/)-dione, 51, 53 
Naph tho[ 1,8-f>c;5 A-b' c' Jdithiopyran- 
3,8(2//,7//)-dione, 51, 53 
2//-Naphtho[l,8-fec]furan, 51, 10 
Naphthol 1,8-6c]furan, 2-alkylidene-, 51, 12 
3//-Naphtho[ 1,8-6c]furans, 4,5-dihydro-, 51, 
14, 15 

2//-Naphtho[ 1,8-6c]furans, 2-hydroxy-, 

51, 10 

Naphthol l,8-i>c]furan-2-ones, 51, 12-16 
Naphthol 1,8-6c]furan-2-one, 5-methoxy-. 
51, 12, 13 

Naphtho[l,8-6c]furan-2-ones, 5- and 6- 
methyl-, formation, 51, 7 
5//-Naphtho[ 1,8-6c]furan-5-ones, 3,4- 
dihydro-, 51, 16 

5//-Naphthol 1,8-6c]furan-5-one, 2-phenyl-, 
51, 14 

5//-Naphtho[ 1,8-6r]furan-5-one, 2,2a,3,4- 
tetrahydro-, 51, 16 
Naphtho[l,8-ic]furanylidenealkenes, 
cyanine analogs, 51, 12 
Naphthol l,8-6c]furylium cations, 51, 11 
Naphtho[ 1,8-fec]furylium, 2-dialkylamino-, 
51, 15 

1-Naphthoic acid, 8-formyl-, 51, 60 
1-Naphthoic hydrazides, 8-bromo-, 
cyclization, 51, 32 


a-Naphthols, formation from 

benzo[c]pyrylium salts, 50, 192, 193, 
206, 209 

j8-Naphthols, formation from 

benzo[c]pyrylium salts, 50, 191, 211 

1.8- Naphtholactones, see Naphthol 1,8- 
6c]furan-2-ones 

Naphthol! ,8-6c]pyrans, 51, 46 
l//,3//-Naphtho[cd]pyrans, 51, 59 
l//,3//-Naphtho[cd]pyran, 1-hydroxy-l- 
methyl-3-methylene-, 51, 60 
Naphthol l,8-c</]pyran, 1,1,3,3-tetrafluoro-, 
51, 63 

Naphthol 1,8-6c]pyran-2(3/7 )-one, 51, 46 
Naphtho[ 1,8-f»c)pyran-3(2//(-ones, 51, 
49-51 

Naphtho[l ,8-6c]pyran-3(2// (-ones, 2- 
arylidene-, 51, 48 
3//-Naphtho[c</]py ran-1 -one, see 
Naphthalide 

Naphtho[6c]pyridines, see 
Benzo[rfe]quinolines 
Naphtho[a/]pyridines, see 
Benzo[</e]isoquinolines 
Naphthol 1,8-e/]pyrrolo[ 1,2- 
a][l,4]diazepines, 51, 87 
Naphthol 1,2,3-<te]quinoline-1(2// ),7- 
diones, 51, 54 

Naphtho[ 1,2,3-</e]quinoline-2,7-dione. 1 - 
diazo-, ring contraction, 51, 39 
Naphtho[l ,2,3-</e]quinolin-7-ones, 51,54,55 
Naphthoquinone-2,3-dicarboxylate, mono¬ 
oxime ether, 51, 168 

Naphthol 1,8-6c]selenophen-3- and -5-ones. 
dihydro-, 51, 19 

Naphthostyrils, see Benz[«/]indol-2<l//(- 

1.8- Naphthosultam, 51, 44 

1.8- Naphthosultones, pyrolysis, 51, 7, 15 

1.8- Naphthosultone, A/-phenyl-, 
thermolysis, 51, 57 

Naphtho[l,8-</e]-l,2,3-thiadiazines, 51, 75 
Naphthol 1,8 -de]- 1,2,3-thiadiazine 
S-oxidation, 51, 8 
photolysis, 51, 8, 73 
Naphthol 1,8-</e]-1,2,3-thiadiazine 1,1- 
dioxides, 50, 260, 51, 75 
2X 4 -Naphtho[l,8-crf][l,2,6]thiadiazine, 50, 
306, 308; 51, 76 

cycloaddition to acetylenedicarboxylic 
esters, 51, 77 
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1 tf ,3tf-Naphtho[ 1,8-o/][ 1,2,6]thiadiazine 
2,2-dioxide, 51, 76 
Naphtho[l,2-c][l,2,5]thiadiazole, 
electrophilic substitution, 47, 251 
Naphtho[2,3-c][l,2,5]thiadiazole, 
calculations, 47, 251 
Naphtho[ 1 ,i-de]-\ ,3-thiazine-2-thione, 

51, 73 

Naphtho[l,8-bc]thiepin 1,1-dioxides, 51, 80 

Naphtho[l,8-bc]thiete, 51, 8, 73 
Naphtho[l,8-bc]thiete S,S-dioxide, 50, 262, 
51, 8, 44 

Naphtho[l,8-i>c]thiete S-oxide, 51, 8 

1,8-Naphthothiolactones, see Naphtho[l,8- 
bc]thiophen-2-ones 
2/J-Naphtho[l,8-6c]thiophene, 5,6- 
diphenyl-, 51, 21 

2/J-Naphtho[l ,8-k]thiophene, 2-methyl-, 
51, 17 

Naphtho[ 1,8-bc]thiophene-2-thione, 51, 
17,52 

Naphtho[l,8-6c]thiophenium ylid, 1- 
methyl-, rearrangement, 51, 17 
Naphtho[l,2-a]thiophen-3(2W)-ones, 51, 53 
Naphtho[l,8-i>c]thiophen-2-ones, 51, 16 

3W-Naphtho[l,8-Mthiophen-3-ones,51,17, 

19,20 

5tf-Naphtho[l,8-k']thiophen-5-ones, 51, 17 
Naphtho[l,8-fcc]thiopyrans, 51, 52 
2\ 4 -Naphtho[l,8-a/]thiopyrans, 51, 63 
1 H, 3//-Naphtho[l ,8-c</]thiopyran S-oxide 
dehydration, 51, 64 
photolysis, 51, 59 

Naphtho[ 1,8-«/]thiopyrans, 1,3-didehydro-, 
51, 63 

Naphtho[ 1,8-fcc]thiopyran-3(2// )-ones, 

51, 53 

Naphtho[ 1,8-de)triazine, /V-amination, 53, 
142 

Naphtho[ 1,8-de]triazine, 1-amino-, 
oxidation, 51, 8, 43, 53, 73; 53, 181 
Naphtho[l,8-de]triazine, 2-aryl-, 51, 42 
N aphtho[ 1,8-rfe]triazine, 1 -isopropy 1- 
ideneamino-, photolysis, 53, 212 
Naphtho[l ,8-d<?]triazine, 2-methyl-, 
photolysis, 51, 42 

Naphthotriazoles, A'-amination, 53, 120 
Naphtho[l,2-d]triazoles, N-amino-, 53, 120 
Naphtho[2,3-d]triazoles, 1-amino-, 53, 120 
Naphtho[l ,8-de]-l ,2,3-trithiin 1,1,3,3- 
tetroxide, 51, 77 


Naphth[l ,2-c][l ,2,5]oxadiazole, 

electrophilic substitution, 47, 251 
Naphth[ 1,8-dc]-2,1,3-oxadithiin 1,1-dioxide, 
deoxygenation, 51, 41 
Naphth[l,8-«/]oxathiole S,S-dioxide, see 

1,8-Naphthosultone 

Naphth[l,8-cd]oxathiole S-oxide, 51, 44 
Naphth[ 1,8-de][ 1,3]oxazepines, 51, 85 
Naphth[l,8-de]-l,2-oxazines, 51, 67 
Naphth[l,8-cd]oxepins, 51, 82 

Naphth[l,8-bc]oxepin-2-ones, 51, 78 

Naphth[l,8-fec]oxetes, methyl-, 51, 7 
1-Naphthyl isocyanate, cyclization, 51, 30 
1-Naphthyl isothiocyanate, cyclization, 

51, 30 

1-Naphthylamines, formation 
from l-alkylbenzo[c]pyrylium salts, 50, 
192, 193, 195, 200, 205 
from 1-alkylisoquinolinium salts, 50, 209 

1- Naphthylamine, N-acyl-, cyclization to 

benz[cd]indoles, 51, 29 

2- Naphthylamines, formation from 1- 

alkylbenzo[c]pyrylium salts, 50, 205 
Naphthyridines, halogenation, 47, 385 

1.5- Naphthyridine, base-catalyzed 
hydrogen-exchange, 47, 368 

1.6- Naphthyridine, 1,2,3,4-tetrahydro-, 52, 
234 

1,8-Naphthyridine 
dimerization on lithiation, 52, 270 
reaction with lithio-1,3-dithiane, 52, 203 
Naphthyridinones 
halogenation, 47, 385 
nitration, 47, 376 

1.7- Naphthyridin-2-one, 3,4-dihydro-5- 
hydroxy-, 52, 284 

1.8- Naphthyridin-4-one, l-cyclopropyl-3- 
ethoxycarbonyl- -6,7-dihalo-, 49, 137 

Narcotic antagonists, imidazo-quinazolines, 

52, 33 

Natural occurrence of oxyindoles, 51, 148 
Nectriapyrone 
mass spectrum, 53, 11 
structure, synthesis, 53, 24 
Nematocides 

5-cyanoperhydrooxazolo[3,2-a]pyridines, 
49, 232 

1.2.4- thiadiazine 1,1 -dioxides, 50,265,297 

1.2.4- triazolo-pyrimidines and analogs, 
49, 337 
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Neoglucobrassicin, 51, 155 
Neooxaline, 51, 151 
Nervous system stimulants, triazolo- 
quinazolines, 52, 61 
see also Central nervous system 
Neuromuscular blocking agents, 1,5- 
diazocanes, 46, 59 

Neutron diffraction study of HMX, 50, 61 
Nickel, see also Raney nickel 
Nickel catalysis, in Grignard substitution of 
pyridines, 48, 38 
Nickel(II) complexes, of 
dehydroacetic acid imine derivs, 53, 6 
1,5-diazocanes, 46, 45, 46 
5,6,11, I2-tetrahydrodibenzo[b,/][ 1,5]- 
diazocines, 46, 46 

Nickel(III) complexes of pyridazines, 49,432 
Nicotine antagonists, 1,2,4-triazolo- 
benzodiazepines, 49, 367 
Nicotine, N'-aminated, rearrangement, 50,7 
Nicotinic acids and derivs, see also Py ridine- 
3-carboxylic acids 
Nicotinic acid, 6-amino-, 49, 175 
Nicotinic acid, 2-chloro-, reaction with /3- 
diketone anion, 53, 18 
Nicotinic acids, methyl-, reaction with 
SOCl 2 , 49, 129 

Niobium, complexes with pyridazines, 49, 
432 

Nitramines, formation and rearrangement, 
47, 296, 340 

Nitramines, pyridine-, rearrangement in 
acid, 47, 296 

Nitration at nitrogen, of aromatic amines, 
47,42 
Nitration 

electron transfer mechanism, 47, 42 
encounter control, 47, 40 
experimental techniques of study, 47, 44 
general methods, 47, 39 
ipso attack in, 47, 43 
mechanism, 47, 40 
of bases, 47, 42 
quantitative data for, in 
pyrroles, 47, 97 
thiophenes, 47, 94 
solvent effects, 47, 41 
Nitration, of 
alloxazine, 47, 378 
aminopyridines, 47, 294, 300 


azoles, rates and orientation, 47, 154 
bases, 47, 42 

benzo[b]-fused rings, 47, 190 
benzo[c]cinnoline and N-oxides, 47, 378, 
380 

benzothieno[2,3-i>][ 1 ] benzothiophe ne, 47, 
261 

cinnoline and N-oxides, 47, 378, 379 
2,3-dimethyl-3,l,2-boradiazines, 47, 341 
hydroxypyridines, 47, 297, 300 
imidazo[l,2-n]imidazole, 47, 271 
isoquinolines, 47, 370 
3(2//)-isoquinolinones, 52, 166 
naphthyridinones, 47, 376 
phenazine and N-oxides, 47, 379 
phenyl azoles, orientation, 47, 154 

1- phenylbenzo[c]pyrylium ion, 50, 179 
9-phenylselenoxanthylium salts, 47, 380 

2- phenyl-1,3-thiazine-4,6-dione, 50, 141 
9-phenylthioxanthylium salts, 47, 380 
9-phenylxanthyIium salts, 47, 380 
pyran-2-ones, 47, 302 

pyrazines, 47, 341 
pyridazines, 47, 338 
pyridines, 47, 292, 300 
pyridine N-oxides, 47, 299, 301 
pyridinones, 47, 297, 300 
pyrimidines, 47, 339 
quaternary six-membered heterocycles, 
47, 378 

quinazoline, 47, 377 
quinolines, 47, 369, 375 
quinoxalines, 47, 377 
triacetic lactone, 53, 41 
1,2,4-triazines, 47, 341 
Nitration rates, comparison with hydrogen- 
exchange in pyridines, 47, 323 
Nitrenes, cyclization to N, 53, 92, 94, 96, 
107, 120, 145 

Nitrene cyclization forming fused indazole, 

52, 24 

Nitrene insertion into azomethine, 53, 202 
Nitrene rearrangements, 50, 187 
Nitrenes, from 1X 4 -1,2,4-benzothiadiazine 1- 
oxides, 50, 291 

N-Nitrenes, from oxidation of lV-amino 
compounds, 53, 168 

Nitrenes, aryl-, closure to hydrazone groups, 

53, 93, 94 

Nitrene, 2-(l-pyrazolyI)phenyl-, formation, 
cyclization, 53, 90 
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Nitrene, quinazolin-4-on-l-yl-, 

intramolecular cycloaddition with 
rearrangement, 52, 12 
Nitrene, quinazolin-4-on-3-yl-, 
intramolecular cycloaddition 
to alkene, 52, 85 

to alkyne with rearrangement, 52, 77 
Nitric oxide, in diazotization of azoles, 48, 
154 

Nitriles, azine, amino-decyanation, 49, 173 
Nitrile ylids 

FMO calculations, 46, 211 
generation, 46, 211 

reaction with azo-compounds, 46, 211 
Nitrile ylids, cephalosporin-derived, 46, 212 
Nitrilimines 
cycloaddition 

forming 1,2,4-triazolines, 46, 198 
to azines, 49, 315, 321, 339, 342, 346 
to azoles, 49, 282, 285, 287, 289 
to furan, 48, 270 
to oximes, 46, 257 
reaction with 
azines, 46, 205 
azoles, 46, 206 
benzimidazoles, 46, 207 
benzodiazepines, 46, 210 
quinoline, 46, 269 

Nitrilimine, 1,3-diphenyl-, cycloaddition to 
1-benzylideneamino-l,2,3-triazoles, 53, 
207 

Nitrilimine, JV-phthalimido-, trapping, 53,90 
Nitro-azoles, from diazoazoles, 48, 139 
Nitrobenzene, photolysis of diazoazoles in, 
48, 88, 111 

Nitrobenzenes, 2-t-butyl-, photochemistry, 
51, 142 

Nitrobenzene, 2,5-di-t-butyl-, 
photochemistry, 51, 135 
Nitro-debromination, in 
pyrazoles, 47, 161 
thiophenes, 47, 120 
Nitro-decarboxylation, in 
pyrazoles, 47, 161 
thiophenes, 47, 120 
Nitrogen configuration in anilines, 

phenylhydroxylamines, 51, 119, 120 
Nitrogen heterocycles 
acid-catalyzed H exchange 
experimental techniques, 47, 13 


principles, 47, 13 
amination (review), 49, 117 
Nitrogen NMR, see Nuclear magnetic 
resonance 

Nitromethane, adduct formation with 
benzo[c]pyrylium ions, 50, 217 
Nitroparaffins, use in 1,5-diazocine 
formation, 46, 22 

2-Nitrophenylhydrazones, cyclization 
reactions, 48, 227 

Nitrones, vinyl-, from allenic oximes, 49,204 
Nitrosation 

general description, 47, 67 
possible role in nitration, 47, 191, 193,197, 
198 

Nitrosation, of 

1,4-dihydro-3(2tf )-isoquinolinones, 52, 
172 

l-hydroxyindole-2-carboxylic acid, 51, 
130 

indoles, 47, 198 
pyrimidines, activated, 47, 349 
Troger’s base, 46, 15 
Nitrosoarene condensations with 4- 
thiazolidinones, 49, 101 
Nitrous acid, action on pyrroles, 48, 154 
Nomenclature 
of amidrazones, 46, 172 
of 1,2,4-triazolines, 46, 171 
(+)-Norephedrine, chiral synthons from, 49, 
232 

Norhelipyrone, structure, 53, 24 
Nuclear magnetic resonance (NMR) 
spectroscopy 
and conformation of 

dibenzo[6/][l,5]diazocines, 46, 43 
and ring-chain tautomerism in 1,2,4- 
triazolines, 46, 239 

in ring-chain tautomerism study, 46, 175, 
189 

NMR spectroscopy, carbon-13, and tt- 
deficiency of azines, 46, 75 
Nuclear magnetic resonance spectra, of 
jV-aminoazoles, 53, 152 
benzo[r]pyrylium ions, 50, 241 
a 3-methylene-4,5-dihydro-1,2,4-triazole, 
46, 235 

monamycins, 49, 434 
1-oxyindoles, 51, 123 
perhydropyrrolo[2,1 -c][ 1,4]oxazin-3(4// )- 
ones, 49, 254 



CUMULATIVE SUBJECT INDEX 


383 


perhydropyrrolo[ 1,2-a]pyrazine-l ,4- 
diones, 49, 249 

perhydropyrrolo[1.2-a]pyrimidin-6-ones, 
49, 257 

perhydrothiazolo[3,2-fl]pyridines, 49,242, 
267 

pyridazines, 49, 428 
2-pyrone derivatives, 53, 8 

1.2.4- thiadiazines, 50, 285 

Troger’s base and analogs, protonated, 
46, 44 

Nuclear magnetic resonance spectra, boron- 
11, of heterocyclyl boranes, 46, 163 
Nuclear magnetic resonance spectra, 
carbon-13, of 
/V-aminoazoles, 53, 153 
diazo-compounds, 48, 70 

4.5- dihydrobenz[g]indole, 51, 271 
DMAD-imidazolinethione adducts, 49, 6, 

12, 49 

2.5- epithiopyrimidinediones, 49, 77 

2.3.4- furantrione bis-phenylhydrazones, 
53, 252 

heterocyclyl boranes, 46, 161 
hexahydroimidazo[ 1,5-a]pyridin-3-ones, 
49, 209 

4,5.6,7-tetrahydro-l-vinylindole, 51, 230 
thianthrenes. 48, 307 

1,3-thiazines, 50, 116 
4-thiazolidinones, condensed. 49, 93 
thiazolo[3,2-fl]indol-3-ones, 49, 41 
2-(2-thienyl)pyrroles. 51, 223 

1.2.4- triazines and 1,2.4-triazinium salts, 
46, 76. 78 

1.2.4- triazine /V-oxides. 46, 80 

1.2.4- triazolines. 46, 238 

2.4.5- trimethyl-l,2,3.4-tetrahydro- 
pyrrolo[l,2-c]pyrimidine, 51, 236 

Nuclear magnetic resonance spectra, cobalt- 
59 shifts in catalyst complexes. 48, 214, 
217 

Nuclear magnetic resonance spectra, 
fluorine, of octafluorothianthrene, 48, 
309 

Nuclear magnetic resonance spectra, 
nitrogen, of 
V-aminoazoles, 53, 153 
dehydroascorbic acid bisphenylhydrazone 
oxidation product. 53, 260 
diazo-compounds. 48, 70 


2-diazo-4,5-dicyanoimidazole, 48, 70 
pyridazines, 49, 428 
pyrrolyl boranes, 46, 163 

1,3-thiazines, 50, 116 

1.2.4- triazines and 1,2,4-triazinium salts, 
46, 77 

Nuclear magnetic resonance spectra, 
proton, of 

alkyl- and alkyl-l-vinylpyrroles, 51, 203 
/V-aminoazoles, 53, 152 
2-benzylpyrroles, 51, 249 
2-cyclopropyl-3-propyl-l-vinyIpyrrole, 

51, 243 

diazopyrroles, 48, 69 

3.4- dihydro-2-hydroxy-2//-pyrroles, 51, 
257 

3.3- dimethyl-2-phenyl-3//-pyrrole, 51,258 

3,6-epithio-2-pyridones, 49, 81 

2.5- epithiopyrimidinediones, 49, 77 
2-(2-furyl)pyrroles, 51, 217 
2-naphthylpyrroles, 51, 215 
2-phenyl-l-vinylpyrrole, 51, 210 
pyrazolo-azines, 48, 287 
pyrazolo[5,l-c][l,2,4]triazines, 48, 240 
pyridyl boranes, 46, 162 

4.5.6.7- tetrahydro-l-vinylindole, 51, 230 
thianthrenes, 48, 307 

1.3- thiazines, 50, 115 
4-thiazolidinones, condensed, 49, 91 
thiazolo-imidazo-quinolines, 49, 73 
thiazolo[3,2-a]indol-3-ones, 49, 41 

1.2.4- triazines and /V-oxides, 46, 79 

1.2.4- triazolines, 46, 237 

2.4.5- trimethyl-1,2,3,4-tetrahydro- 
pyrrolo[l,2-c]pyrimidine, 51, 236 

Nucleophiles, reactions with 1,2,4-triazines 
(review), 46, 73 

Nucleophilic carbenes, 1,2,4-triazole, 46, 
226 

Nucleophilic reactivity, relative, of amines, 
49, 120 

Nucleophilic substitution, in 

4.7- dichloro-3,8-diphenyl-l,2-diazocine, 
50, 22 

1,2,4-triazines, 46, 97 
Nucleophilic substitution, ANRORC, in 

1,2,4-triazines, 46, 125 
Nucleophilic substitution, aromatic (ipso), 
rates of, 48, 24 

Nucleophilic substitution, a to aromatic ring, 
47, 77, 173, 212 
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Nucleophilic substitution/deoxidation, in 

1.2.4- triazine N-oxides, 46, 82 
Nucleophilic substitution, vicarious, in 

1.2.4- triazines, 46, 122 
Nucleophilic substitution of hydrogen, in 

1,2,4-triazines, 46, 119 
Nucleic acid metabolism antagonists, 1,2,4- 
triazolo-pyrimidines and analogs, 49, 
337 

Nucleosides 

amination via 1,2,4-triazolyl derivatives, 
49, 165 

silylation-amination, 49, 150 
transamination in, 49, 176 
Nucleoside analogs, pyridazine, 49,408,411, 
416, 429, 430 

Nucleotides, silylation-amination, 49, 153 


o 

Olefins, electrophilic, as reagents for amino- 
decyanation, 49, 173 

Opuntiol, pyrone derivative, 
structure, 53, 24 
synthesis, 53, 24, 48, 49, 50 

Orcinol, formation from dehydroacetic acid, 
53,64 

Orelline (fungal metabolite), 52, 285 

Organocobalt-catalysed synthesis of 
pyridines (review), 48, 177 

Orthoesters in 1,2,4-triazoline synthesis, 46, 
176 

Osazones derived from dehydroascorbic 
acid, 53, 252, 259 

Osotriazoles derived from 2,3,4- 
furantriones, 53, 262 

1,2-Oxaborines and reduced derivatives, 46, 
154, 155 

9-Oxa-l ,5-diazabicyclo[3.3. I [nonanes, 
formation, 46, 50 

1.3.4- Oxadiazines, fused, 53, 199 

2H- 1,2,4-Oxadiazine-3,5-dione, silylation- 
amination, 49, 157 

[1,3,4]Oxadiazino[2,3-b]quinazolines, 52, 
114 

1.2.4- Oxadiazole, 5-(AT,N'- 
dimethylhydrazino)-3-phenyi-, 
rearrangement, 53, 132 


1.2.4- Oxadiazoles, phenyl-, nitration, 47, 
164 

1.2.4- Oxadiazole, 3-phenyl-, mercuriation, 
47, 172 

1.3.4- Oxadiazoles, condensation with 
anthranilic acid and derivatives, 52, 63 

1.3.4- Oxadiazole, diphenyl-, nitration, 47, 
164 

1.3.4- Oxadiazoles, perfluoroalkyl-, 
hydrazinolysis, 53, 126 

1.2.4- Oxadiazolin-5-one, 1,5- 
benzodiazocine-fused, 46, 47 

[1.2.4] Oxadiazolo-quinazolines, 52, 62 

[1.2.4] Oxadiazolo[2,3-c]quinazolin-2-one, 5- 
methyl-, Dimroth rearrangement, 52,63 

[1.3.4] Oxadiazolo[2,3-6]quinazolin-5-ones, 
52,63 

Oxaline, structure(s), properties, 51, 121, 
150 

Oxalyl chloride, 1,3-cycloaddition to 
strained carbodiimide, 50, 38 

1.4.3- Oxathiazine 4,4-dioxides, reaction 
with ammonia, 50, 269 

[ 1,4]Oxazepino[5,4-b]quinazolines, 52, 122 

6W-l,2-Oxazine, 6-cyano-, 51, 116 

1.3- Oxazinium salts, 4-hydroxy-, reaction 

with sulfide, 50, 100 

[ 1,2]Oxazino[6,5-b]indole-3-carboxylic 
ester, 4,4a,9,9a-tetrahydro-9-methoxy-, 
51, 139 

[ 1,4]Oxazino[2,3-c]isoquinolin-2-one, 6- 
phenyl-, 52, 176 

[1.3] Oxazino[3,2-c]quinazolines, 52, 99 

[1.4] Oxazino[3,4-b]quinazolines, 52, 100 

2 H-l 1,3]Oxazino[2,3-fr]quinazolin-6-ones, 

3,4-dihydro-, 52, 99 

[ 1,4]Oxazocino[5,4-6]quinazolines, 52, 125 

Oxazoles 

bromination, 47, 165 
formation of /V-aminoimidazoles from, 
53,99 

Oxazole, 2-amino-5-phenacyl-, 

transamination and rearrangement to 
pyrimidine, 49, 177 

Oxazoles, phenyl- 
mercuriation, 47, 172 
sulfonation, 47, 171 

2-Oxazolines, reaction with diketene, 49,229 

2-Oxazolines, pyridyl-, lithiation, 52, 257, 
288, 289, 290 
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Oxazolium salts, base-catalyzed H 
exchange, 47, 150 

Oxazolo[5,4-c]isoquinoline, 2-methyl-5- 
phenyl-, 52, 176 

Oxazolo[3,4-d][l,4]oxazine, perhydro-, 
conformational equilibria, 49, 262 
Oxazolo[3,2-a]pyridines, perhydro- 
synthesis and reactivity, 49, 229 
x-ray crystal structure, 49, 238 
Oxazolo[3,4-n]pyridines, hexahydro- 
conformational analysis, 49, 264 
protonation, 49, 266 
synthesis and reactivity, 49, 214 
Oxazolo[3,4-fl]pyridin-3-ones, hexahydro- 
stereochemistry, 49, 219 
synthesis, 49, 214 
Oxazolo[3,2-a]quinazolines, 52, 37 
Oxazolo[3,4-a]quinazolines, 52, 37 
Oxazolo[2,3-i>]quinazolines, 52, 38 
Oxazolo[3,2-c]quinazolines, 52, 40 
Oxazolo[3 A-d\[ 1,4]thiazine, perhydro-, 
conformational equilibria, 49, 262 
1,4-Oxazonan-9-one, 4-methyl-, diethyl 
acetal, 49, 230 

Oxidation, see also the various oxidizing 
reagents 

Oxidation of N-aminoazoles, reaction types. 
53, 167 

Oxidation, anodic, of l-hydroxy-2- 
phenylindole, 51, 133 

Oxidation, Cu(II), of dehydroascorbic acid 
bisphenylhydrazone, 53, 259 
Oxidation, one-electron, of ascorbic acid, 
53, 237 

N-Oxidation of 1,5-diazocine derivatives, 
46, 51 

Oxidative cyclization, of 
azolyl ketone hydrazones, 53, 104 
Schiff bases of I (N),2-diamines, 53, 193 
/V-Oxides, NMR effects of, in 1,2,4- 
triazines, 46, 81 

5-Oxido-oxazolium betaines (munchnones), 
cycloaddition to diazonium salts, 46,261 
Oximes 

base-catalyzed H/D exchange, 
regioselectivity, 51, 284 
isomerization by base, 51, 247 
Oximes, O-aryl-, benzo[6Jfurans from, 51, 
287 

Oximes, O-vinyl-, 51, 253 


Oxime group, oxidative cyclization to 
pyrrole ring, 52, 10 
2-Oxindoles, 3-diazo- 
cycloaddition to benzyne, 48, 147 
reaction, with 
acetylenic esters, 52, 23 
triphenylphosphine, 48, 125 
synthesis, 48, 158 
2-Oxindoles, 1-hydroxy- 
radicals from, 51, 147 
reactions, 51, 140, 146 
synthesis, 51, 141 

2-Oxindoles, 1-hydroxy-3,3-dimethyl-, 51, 
142 

2-Oxindoles, 1-methoxy-, 51, 143 
naturally-occurring, 51, 152 
reduction. 51, 162 

Oxirans, 2.2-dicyano-, condensation 
with benzimidazole-2-thione, 49, 45 
with hydantoins, 49, 11 
6-Oxoniabenz[a]anthracenes, 50, 173 
5-Oxoniachrysenes, 50, 173 
2-Oxosulfonamides, 1,2,4-thiadiazines from, 
50, 268 

Oxygen, singlet, in indene oxidation, 50,160 
Oxygen-18 labeling in benzo[c]pyrylium to 
naphthol rearrangements, 50, 210, 212 
Oxytocin dipeptides, modified, 49, 250 
Ozonolysis, of 

1,3-diphenylbenzo[c]pyrylium ion, 50,216 
indenes, 50, 160 
pyrene, 51, 83 


P 

Palladium catalysis, in boronic acid coupling 
reactions, 46, 148, 150, 151 
Palladium complexes, of 
azo compounds, 50, 18 
pyridazines, 49, 432 
5,6,11,12-tetrahy drodibenzo[t> /][ 1,5 ]- 
diazocines, 46, 46 
thianthrene, 48, 362, 363 
Palladium ring compound, reaction with 
acetylene, 51, 57 

Panfuran, adduct with cysteine, 46, 93 

Paniculidine B, 51, 150 

Parasiticides, pyrazoloquinazolines, 52, 24 
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see also Antiparasitic, Antitrypanosomal 
agents 

Pectinatone, pyrone derivative, structure, 
53, 5, 24 

A/.W-Pentamethylenecarbodiimide, 50, 

26, 37 

Perchloric acid oxidation of 1,2,4- 
triazolines, 46, 256 

Pericyclic reactions of l//,4//-pyrazolo- 
[l,2-a]pyrazoles, 48, 281 
Peri-fused heterocyclic systems (review), 
51, 1 

Perilla ketone, synthesis, 46, 156 
Perimidines, 51, 72, 74 
Perimidines, 2-amino-, 51, 72 
Perimidines, 2,3-dihydro-. 51, 72 
Perimidine, 1-methyl-, base-catalyzed H- 
exchange in, 47, 369 
Perimidine N-imines, cycloaddition, 53, 

204 

Perimidine-2-thiones, reaction 
with acetylenic esters, 49, 74 
with chloroacetic acid/ester, 49, 74, 75 
with oxalyl chloride, 49, 74 
Perimidine-2-thione, 51, 72 
Perimidinium ions, 1-amino-, synthesis, 
reduction, 53, 141 

Perimidinium ions, I-amino-2,3-dimethyl-, 
condensation with anhydrides, 53, 190 
Perimidin-2-ones, 51, 72, 73 
Permanganate, nucleophilic substitution in 
presence of, 46, 119, 120 
Peroxide oxidation of benzo[r]pyrylium 
salts, 50, 214 

Peroxidolysis of boronic acids and esters, 46, 
151, 152 

Pesticides, tetrazolo-quinazolines, 52, 70 
Phacidin, pyrone derivative, structure, 
synthesis, biosynthesis, 53, 24 
Pharmacologically active compounds, 1,3- 
diazocines, 50, 33 
l-Phenalenimine, 9-amino-, thionyl 
cyclization, 51, 77 
Phenalenium ion, 1,9-diethoxy-, 

condensation with o-phenylenediamine. 
51, 87 

Phenaleno[ 1,9-o/]dithiolium ion, 51, 40 
Phenalen-l-one, 9-butoxy-, condensation 
with o-phenylenediamine, 51, 87 
If/-Phenaleno( 1,9-ctf]| 1,2,6]thiadiazine 2- 
oxide, 51, 77 


Phenaleno[l,9-a/][ 1,2,6]thiadiazinium ion, 
51,77 

Phenaleno[ 1,9-6c]thiophene, 51, 20 
Phenanthrene, 4-amino-, cyclization with 
BCIj, 51, 71 

Phenanthrene-4,5-dicarboxylic anhydride, 
51, 83 

Phenanthrene-4.5-dicarboxylic imide, N- 
hydroxy-, 51, 83 
Phenanthridine 
halogenation, 47, 384 
nitration, 47, 373 

Phenanthridine, 6-methyl-octahydro-. 51, 
194, 261 

Phenanthridinone 
nitration, 47, 373 
sulfonation, 47, 388 

Phenanthro[4,5-«feJ-l ,2-azaborines, 51, 71 
Phenanthrolines and phenanthrolinones 
halogenation. 47, 386 
nitration, 47, 377 
sulfonation, 47, 389 
Phenanthro[4,5-6ct/]oxepin, 51, 80 
Phenanthro[4,5-6cd]thiophene, 51, 20 
Phenanthro[9,IO-d]triazole, N-amination, 
53, 121 

9,10-Phenanthryne, generation, 53, 179 
Phenazine and Af-oxides, nitration, 47, 379 
Phenhomazines, see 

Dibenzo[b,f][l,5]diazocines 
Phenyl rings in azoles, orientation 
of halogenation, 47, 165-170 
of nitration, 47, 154-165 
Phenyl isocyanate, condensation with a 
phosphoranyl azine, 52, 22 
Phenylacetamide. JV-chloro-N-methoxy-, 
cyclization, 51, 143 

Phenylacetylene, reaction with ketoximes, 
51, 265 

Phenylhydrazines, N',N'-dialkyl-o-nitro-, 
cyclization, 53, 102 

Phenylhydroxylamines, configuration. 51, 
119, 120 

Phlegmatization of acetylene, 51, 196 
Phleomycin amplifiers, pyridazines, 49, 437 
Phloraspyron, structure, synthesis, 53, 24 
Phloropyrone, structure, synthesis, 53, 24 
Phosgene in fused l,2,4-oxadiazolin-5-one 
synthesis, 46, 47 

Phosphacumulenylides, reaction with 1,2,3- 
trione 2-phenylhydrazones, 49, 388 
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Phosphinimines. triphenyl-. A/-azolyl-. 53, 
166 

Phosphinimines. see also 
Iminophosphoranes 

Phosphite-induced Dimroth rearrangement. 
52, 63 

Phosphite reduction of o-nitrostyrenes, 51, 
162 

Phosphodiesterase (cyclic AMP) inhibitors 
1.2,4-triazoles, fused, 49, 280 
imidazoquinazolines, 52, 33 
indolines, 49, 396 
lixazinone analogs, 52, 283 

4- methoxy-/3-carboline derivative, 51, 154 
pyrazoloquinazolines. 52, 24 

a-Phosphonylalkyl pyrones, 53, 49, 50 
Phosphonium ylids, reaction with 3- 
diazopyrazoles, 48, 240. 260 
Phosphonylation 
general description, 47, 67 
of indole, 47, 210 

Phosphoranes, in nucleophilic alkylation of 
1,2,4-triazines, 46, 103 
Phosphorins, electrophilic substitution 
general considerations, 47, 280 
reactions, 47, 309 

Phosphorus oxychloride, reaction with oxo 
heterocycles, 49, 127 
Phosphorus trichloride, reaction with 2- 
lithiobenzothiazole, 48, 23 
Phosphoryl azide, diphenyl, in Curtius 
degradation, 49, 175 

Photoadducts of alkynes with uracils, 50,30 
Photochemical dimerization of kawa 
pyrones, 53, 70 

Photochemical E/Z isomerisation of cyclic 
azo groups, 50, 21 
Photochemical rearrangement, of 
2-aryl-l ,2,4-benzothiadiazine 1,1- 
dioxides, 50, 290 

5- (4-cyanobenzyl)thianthrenium salt. 48, 

328 

diaza-semibullvalenes, 46, 19 
indoline-spiro-isoxazolines, 46, 18 
pyrene epoxide, 51, 80 
Photochemical ring contraction of fused 
diazo-pyridazinone, 48, 261, 262 
Photochemistry, of 
3,4,5,6,7,8-hexahydro-l,2-diazocines, 

50, 25 


pyridazines, 49, 423 
Photoconductivity of polymeric 1,5- 
benzodiazepin-2-ones, 46, 19, 60 
Photocyclization, of 
/V-alkyl-y3-ketoamides, 49, 251 
anthraquinone mono-anil, 51, 58 
chloro-hydrazone, 48, 228 
1,8-diacetyInaphthalene, 51, 60 
l-(a-ketoacyl)piperidines, 49, 230 
l-nitro-8-phenylethynylnaphthalene, 

51, 58 

Photocyclization, intramolecular, of 
isocyanide, 51, 84 
Photocycloaddition, of 
azo to azo-di-N-oxide groups. 51, 44 
pyridazine-3-thione to olefins, 49, 424 
Photodimerization of 3(2//)- 
isoquinolinones, 52, 166 
Photoelectric conductivity of thianthrene. 
48, 327 

Photoelectron spectra, of 
3//-4,5-dihydro-1X 4 -1,2,6-thiadiazine, 50, 
310 

hexahydropyrazolol 1,2-a]pyridazine, 49, 
198 

pyridazines and hexahydropyridazines, 
49, 429 

thianthrene, 48, 327 
Photographic sensitizers, condensed 4- 
thiazolidinones, 49, 105 
Photography, A/-aminoazoles in, 53, 213 
Photolithography, diazo-azoles in, 48, 164 
Photolysis, of 

l-aminobenzotriazole. 53, 211 

1- arylazo-8-azidonaphthalene, 51, 42 

2- azidobenzothiazolium salts, 50, 280 
azolium (V-acylimines, 53, 160 
4-(l-benzotriazolyl)-2-phenylquinazoline. 

52, 36 

3- carbamoyl-2,5-dihydro-2,2,5,5- 

tetramethylpyrrole 1-oxyl, 51, 112 
1,2-diazocines, 50, 23 

1- (diphenylmethyleneamino)- 

benzotriazole. 53, 211 

2- hydroxy-1-indanones, 50, 162. 184 
indoline-spiro-isoxazolines, 46, 18 
l-isopropylideneamino-naphtho[ 1,8-t/e]- 

triazine, photolysis, 53, 212 
1-methoxyindoles, 51, 137 
naphtho[ 1,8-(</)dithiole S,S-dioxide, 51, 
8, 53 
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perfluoro-3,5-di-isopropylpyridazine, 

46, 36 

pyrimidin-2(l//)-ones, 50, 95 
a triaryltriazafulvene, 46, 36 

1,2,4-triazolines, 46, 272 
Photooxygenation, of 
indenes, 50, 160 
tryptophan derivatives, 50, 28 
Photostability of diazoazoles, 48, 78 
Phthalazine, 1,4-dihydrazino-, cyclization 
by 1-C reagents, 49, 323 
Phthalazine, 1-hydrazino-, condensation 
with phthalaldehydic acid, 50, 46, 55 
Phthalazines, hydrazono-, x-ray 
crystallography, 46, 250 
Phthalazinium betaine, l-oxido-3-phenyl-, 
cycloadditions, 50, 7 

Phthalazin-l-one, 4-phenyl-, amination, 49, 
134 

Phthalazino[ 1,2-6]quinazolines, 52, 86 
Phthalide, cyano-lithio-, cycloaddition to 

3,4-pyridyne, 52, 221 

Phthalocyanine-iron-dipyridazine polymer, 
49, 432 

Picolines, see Pyridine, methyl- 
Picrasidine, bis-/3-carboline alkaloid, 51,154 
Piezosonic properties of 3-diazopyrroles, 

48, 78 

Pinidine, dihydro-, piperidine alkaloid. 49, 
232 

Piperideine trimer, reaction with thioglycolic 
ester, 49, 240 

Piperidine, l-benzyl-frn/w-2,6-diphenethyl-, 

49, 203 

Piperidines, /3-hydroxyalkyl-, 49, 202 
Piperidine, l-(2-hydroxyethyl)-, oxidative 
cyclization by ferricyanide, 49, 229 
Piperidine, l-(a-ketoacyl)-, 
photocyclization, 49, 230 
Planarity of nitrogen in anilines, 

phenylhydroxylamines, 51, 119, 120 
Platelet activation factor antagonists, 
pyrido-quinazolines, 52, 79 
Platelet aggregation inhibitors 
imidazo-quinazolines, 52, 33 
pyrazolo-quinazolines, 52, 24 
Plant growth inhibition by maleic hydrazide, 
49, 420 

Plasma desulfurization of thianthrene, 48, 
328 


Plastic additives, 1,3-diazocines, 50, 45 
Platinum complexes, of 
5,6,11,12-tetrahydrodibenzo[6/][ 1,5]- 
diazocines, 46, 46 
thianthrene, 48, 363 
Platinum insertion into hexakis- 
trifluoromethylbenzene, 48, 213 
Plumbylation 

general description, 47, 62 
of thiophene. 47, 115 

Pogopyrone A, pyrone derivative, structure, 
53, 5, 24 

Polarography of o-phenylenediamine with 

2,3,4-furantriones, 53, 295 
see also Electrochemical properties 
Polymers 

1.5- benzodiazepin-2-ones, 46, 18 

1.5- benzodiazocinones, 46, 60 
1,3-diazocines, 50, 37 
pyridazine, 49, 432 
terephthaloyl-l,5-diazocanes, 46, 59 
thianthrenes, 48, 316, 355 

Polymer additive, 1,3,5,7-tetrazocinedione, 
50,65 

Polymer-supported 4-aminopyridines, 49, 
169 

Polymer-supported nucleosides, 49, 167 
Polymerization initiators, 1,2-diazocines, 
50,26 

Polymorphism of HMX, 50, 61 
Poly(o-phenylenecarbonylimine), 46, 26 
Polystyrene, spin-labeled, 51, 112 
/3-Polyurethane manufacture, 1,3-diazocines 
in, 50, 37 

Potassium amide, adducts with 1,2,4- 
triazine, 46, 89 

Potassium permanganate oxidation of 1,2,4- 
triazolines, 46, 256 

Printing additives, 1,2-diazocines, 50, 26 
Pressure, 

acetylene under, 51, 196 
reactions under, 50, 97 
Proline, a-aminoacyl-, pyrrolo[l ,2-a]- 
pyrazine-l,4-diones from, 49, 242, 
245-8 

Proline, a-hydroxyacyl- and equivalent, 
perhydro-pyrrolo[2,1 -c][ 1,4]oxazines 
from, 49, 250-3 

Proline sydnone, cycloaddition to 
acetylenes, 48, 271 
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Propane, 1,2-epoxy-hexafluoro-, reaction 
with imidazoline-2-thiones, 49, 6, 44 
Propellants, cyclic polynitro-polyamines, 
50, 56 

Propene, 1,1,3-trimethoxy-, condensations 
with 1-methoxyindoles, 51, 140 
Propildiazine, antihypertensive pyridazine, 
49, 437 

Propiolic ester, reaction with 
amidoximes, 51, 283 
formaldoxime, 51, 281 
methylhydrazones, 51, 244 
oximes, 51, 263, 281 
Protective group, N-amino- as, 53, 154 
Protiodeboronation 
general description, 47, 60 
offuran, 46, 152, 47, 120 
of thiophene, 46, 152, 47, 117 
Protio-dedeuteriation/detritiation, 47,14,15 
Protiodemercuration 
general description, 47, 59 
offuran, 47, 120 
of selenophene, 47, 120 
of thiophene, 47, 115 
Protiodeplumbylation 
general description, 47, 60 
in di-2-furyldi-2-thienyllead, 47, 118 
Protiodesilylation, general description, 
47,60 

Protiodesilylation, of 
benzo[6]thiophenes, 47, 211 
dibenzo-fused five-membered 
heterocycles, 47, 246 
pyridines, 47, 310 
thiophenes, 47, 117, 119 
Protiodestannylation reactions, 47, 212 
Protiodesulfinylation, in 

polyaminopyrimidines, 48, 39 
Protonation, of 1,2,4-triazines, 46, 77 
Pseudobase formation in 1,2,4-triazolium 
salts, 46, 231 

Pseudorotation in sulfuranes, 48, 5, 17 
kinetics of, 48, 20 
Psychomotor depressants, imidazo- 
quinazolines, 52, 33 
Psychotropic agents 
dibenzodiazocines, 46, 61 
dibenzotriazocinones, 50, 56 
1,2,4-triazoIo-benzodiazepines, 49, 367 
Pteleine, furoquinoline alkaloid, 52, 288 


Pteridines, transaminations in 49, 176 
Ptosis, reserpine-induced, inhibition of by 
1,2,4-triazino-quinazolines, 52, 112 
Pulvinic acid, reaction with hydrazine, 49, 
400 
Purines 

hydrogen exchange, base-catalyzed, 47, 
233, 236 

silylation-amination, 49, 154 
see also Adenine, Guanine, Hypoxanthine 
and derivatives, Inosine, 
Theophylline and derivatives, 
Xanthine and derivatives, and 
nucleoside derivatives 
Purines, Al-amino-, 53, 107 
Purines, 7- and 9-amino-, oxidative ring 
expansion, 53, 176 
Purine ribosides, amination, 49, 152 
Purine ribosides, 6-methylsulfonyl-, 
aminolysis, 49, 173 
Purinium salts, 1,6-diamino-, 53, 108 
Pycnophorin, pyrone derivative, structure, 
53, 25 

2W-Pyran, 3,4,5,6-tetraphenyl-2-vinyl-, Co- 
complexed, 48, 200 
Pyran-2-carboxylic acid, tetrahydro- 
2,3,3,4,5-pentahydroxy-, 53, 240 
Pyrano[2,3-6:6,5-6']dipyridin-5-one, 52, 254 
Pyran-2-ones, Pyran-4-ones, see 2-Pyrones, 
4-Py rones 

Pyrano-pyran-diones and higher annulated 
systems, formation, 53, 65 
Pyrano[2,3-6]pyridine N-oxides, formation 
from dehydroacetic acid, 53, 62 
Pyrano[2,3-6]quinolin-2-one, 52, 216, 254 
4//-Pyran-4-thiones, 3-hydroxy-, reaction 
with hydrazine, 49, 401 
Pyrazines 

halogenation, 47, 347 
hydrogen exchange 
acid-catalyzed, 47, 330 
base-catalyzed, 47, 336 
nitration, 47, 341 

Pyrazine, reaction with nitrilimines, 49, 339 
Pyrazines, alkoxy-, lithiation, 52, 253 
Pyrazine, 2-amino-3-benzoyl-, 52, 214 
Pyrazine, 2,6-bis-methylsulfonyl-, 
aminolysis, 49, 173 
Pyrazine, chloro-, lithiation, 52, 212 
Pyrazine, 2,3-dicyano-, amino-decyanation, 
49, 173 
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Pyrazine 1-oxides 
halogenation, 47, 348 
lithiation, 52, 273 

Pyrazino-fused pyrazoles, synthesis, 48, 234 
Pyrazino[2, l-i]quinazolines, 52, 97 
Pyrazoles 
acylation, 47, 170 
N-amination, 53, 90 

formation from 2-pyrones and hydrazine, 
53, 58 

halogenation, 47, 168 
mercuriation, 47, 172 
nitration, 47, 160 
sulfonation, 47, 171 
Pyrazoles, /V-amino- 

condensation with a-chloroketone, 53,186 
crystal structure, 53, 146 
oxidation, 53, 174 
physical properties, 53, 146 
spectra 
mass, 53, 153 
NMR, 53, 152 
synthesis, 53, 90 

Pyrazole, 1-amino-, reaction with 

chlorocarbonylphenylketene, 48, 249 
Pyrazoles, 3-amino- 
condensation with 
anthranilic acids, 52, 21 
2-cyanocyclohexanone, 52, 25 
2-formylcyclohexanone, 52, 21 
reaction with hydrazidic halides, 48, 260 
Pyrazole, 1 - l5 N-amino-3,5-dimethyl-, 
oxidative rearrangement, 53, 170 
Pyrazoles, 5-amino-4-nitroso-, condensation 
with malonate, 48, 235 
Pyrazoles, 3-azido-, 48, 129 
Pyrazoles, 3,5-diamino-, oxidative 
dimerization, 53, 92 
Pyrazoles, diazo- 
C-13 NMR spectra, 48, 70 
synthesis, 48, 159 
thermolysis and photolysis, 48, 97 
ultraviolet spectra, 48, 72 
Pyrazoles, 3-diazo- 
cycloadditions, 48, 148, 238 
decomposition, 48, 97 
reaction 

with diazoalkanes, 48, 260 
with phosphonium ylids, 48, 260 
with ylids, 48, 260, 49, 284 


Pyrazoles, 4-diazo-, decomposition, 48, 99 
4//-Pyrazole, 4,4-dimethyl-3,5-diphenyl-, 
cycloaddition to 
diphenylcyclopropenone, 50, 7 
Pyrazole, 3-hydroxy-4-ethoxycarbonyl-, 46, 
178 

Pyrazoles, methyl-, hydrogen exchange 
rates, 47, 145, 146 

Pyrazoles, phenyl-, nitration, 47, 160 
Pyrazoles, N-phenyl- 
acylation, 47, 170 
mercuriation, 47, 172 

Pyrazole diazonium salts, photolysis, 48,102 
Pyrazoles, condensed, chemistry of 
(review), 48, 223 

Pyrazole 2-oxide, 1-methyl-, nitration, 47, 
163 

Pyrazole-5-carboxamides, 4-amino-3- 
methyl-, diazotization, 48, 167 
l//-Pyrazole-4-carboxylic acid, 5-hydroxy¬ 
l-phenyl-, lactone, 49, 422 
Pyrazole-3,5(4J/)-dione, 4,4-diethyl-, 
cycloaddition to dienes, 49, 197 
3W-Pyrazole-3-spiro-4-pyrazolin-3-ones, 
rearrangement to pyrazolo[l ,5-d]- 
[l,2,4]triazin-7-ones, 48, 244 
Pyrazolidine-4,5-dione 4-phenylhydrazone, 
3-acetoxy-l-phenyl-, 53, 283 
Pyrazolines, oxidative dimerization, 53, 92 
5-Pyrazolinones, 1-amino-, formation by 
rearrangement, 53, 90 
Pyrazolinedione phenylhydrazone by 

rearrangement of dehydroascorbic acid 
bisphenylh ydrazone, 53, 251, 255, 275 
Pyrazoline-3,4-dione monohydrazones 
from ascorbic acid, 53, 275 
from tetronic acids, 53, 277 
2-Pyrazolines, 1-alkyl-, reaction with 
diketene, 49, 199 

Pyrazoline, 1,3,5-triphenyl-, radical 
dimerization, 48, 348 
Pyrazolinones 
diazo-coupling, 47, 172 
nitration, 47, 161, 162 
5-Pyrazolinones, 4-diazo-, 48, 130 
Pyrazolinones, 4,4-dichloro-, formation of 
pyrazolo[l ,2-o]pyrazolediones from, 
48, 254 

Pyrazolium salts, nitration, 47, 162 
Pyrazolo[l,5-a]azocines 48, 98 
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Pyrazolo-1,5-benzodiazocines 
synthesis, 46, 6, 10 
medicinal effects, 46, 60 
Pyrazolo! l,2-a]benzotriazoles. 53, 90 
Pyrazolo! 1,2-a]benzotriazole. 1,3- 
dimethyl-, synthesis, 48, 236 
Pyrazolo-1,5 -diazocines 
synthesis, 46, 37 
medicinal effects. 46, 61 
Pyrazolo! 1,5-6]indazoles, 53, 186 
Pyrazolo[3,4-c]isoquinolines, synthesis, 50, 
204 

Pyrazolo[3,2-6][1.3|oxazin-5-one, 
tetramethyl-. formation, 48, 281 
Pyrazolopyrazines, nomenclature, 48, 234 
lW-Pyrazolo[3,4-6)pyrazines, 48, 235 
Pyrazolopyrazoles, nomenclature, 48, 251 
Pyrazolo! 1,2-o]pyrazoles 
hydrogenation, 46, 13, 14 
synthesis. 48, 253 
Pyrazolo! 1,2-a]pyrazole 
structure, 48, 273 
electrophilic substitution, 48, 276 
l//,4//-Pyrazolo[ 1,2-a]pyrazoles, pericyclic 
reactions. 48, 281 

Pyrazolo[3,4-c]pyrazoles, 1,6-dihydro-, 48, 
252 

Pyrazolo[4.3-c)pyrazoles. 1,4-dihydro- 
electrophilic substitution, 48, 277 
methylation. 48, 277 
synthesis, 48, 99, 252 
Pyrazolo! 1,2-<7)pyrazole-l ,5-diones, 
rearrangements. 48, 281, 282 
Pyrazolo! 1,2-<7]pyrazole-1,7-diones, 
reactions. 48, 277, 278 
Pyrazolo-pyridazines 
electrophilic substitution, 48, 273 
nomenclature. 48, 224 
proton NMR spectra, 48, 287 
Pyrazolo! • ,2-a]pyridazines, reduced, 48,233 
Pyrazolo! 1,2-a]pyridazines. hexahydro- 
electrochemistry, 49, 198 
spectra, 49, 198 
synthesis, 49, 1% 
x-ray crystallography. 49, 198 
Pyrazolo!1,5-6]pyridazines, 48, 230 
l//-Pyrazolo[3,4-c]pyridazine.tautomerism, 
48, 285 

1 W-Pyrazolo[3,4-c]py ridazine, 3-ami no-4,5- 
dimethyl-. 48, 230 


Pyrazolo[3,4-</]pyridazine, 1-amino- 
triphenyl-, amination, 53, 96 
Pyrazolo! l,2-a]pyridazin-l-ones, 
hexahydro-, 49, 1% 
3//-Pyrazolo[4,3-c]pyridazin-3-one, 

l,2,4,5,6,7-tetrahydro-7-hydroxy-6- 
methylene-2,5-diphenyl-, 53, 299 
Pyrazolo[3,4-</]pyridazin-3-ones. 48, 228, 
230 

1 H-Vy razolo[3,4-<flpy ridazin-4-ones 
carbon NMR spectra, 48, 287 
synthesis, 48, 225, 227, 228 
2//-Pyrazolo[3,4-ef]pyridazin-4-ones, 48,228 
1 //-Py razolo[3,4-rf]pyridazin-7-ones, 48,228 
2//-Pyrazolo[3,4-rf]pyridazin-7-ones, 48,225 
Pyrazolo! 1,2-a]pyridazine-l ,3-dione, 
2-diazo- 

photo-Wolff rearrangement, 49, 197 
x-ray crystal structure, 49, 198 
Pyrazolo! 1,2-o]pyridazine-l ,3-diones, 
tetrahydro-, 49, 1%, 197 
Pyrazolo! 1,5-a]pyridines, hexahydro-, 49, 
198 

Pyrazolo[4,3-i]pyridine, 5-methyl-, 
amination, 53, 95 

Pyrazolo! 1,5-a]pyridine-6,8-diones, 
tetrahydro-, 49, 199 

Pyrazolo! 1,5-a]pyridin-2-ones, hexahydro-, 
49, 199 

Pyrazolo! 1,5-a]pyrimidines, electrophilic 
substitution, 47, 238 
Pyrazolo[4',3'-2,3]pyrrolo(5,l-c][ 1,2,41- 
triazoles, hexahydro- 
proton NMR spectra, 46, 246 
synthesis, 46, 206 

Pyrazolo[3,4-A]quinoxalines, l-aryl-, 53, 
287, 292 

Pyrazolo[5,l-A]thiazole, 7-aroyl-3,6-diaryl-, 
53, 200 

Pyrazolo[5,l-6]thiazole-7-thiol, 3,6-diaryl-, 
53, 200 

Pyrazolo! 1,2-i][l ,2,3]triazine mesomeric 
betaines, 53, 186 

Pyrazolo! 1,2-a][1,2,3]triazole, 2-phenyl-, 
mesomeric betaine, 53, 190 
Pyrazolo[l,5-c]-l,2,4-triazoles, 53, 187 
Pyrazolo!l,5-a]quinazolines, 52, 20 
Pyrazolo[5,1 -AJquinazolines, 52, 21 
Pyrazolo!l,5-c]quinazo!ines, 52, 23 
Pyrazolo!l,5-fl]quinoxaline, 3-methyl-, 48, 
236 
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2//-Pyrazolo[3,4-<“)-l ,2,3,4-tetrazine, 7- 
amino-2-aryl-, 48, 251 
Py razo!o[5, 1-t/J- 1,2,3,5-tetrazin-4-ones, 48, 
250 

1 //-Pyrazolo] 1,5-rf]tetrazole, 7-ethoxy- 
carbonyl-1,6-dimethyl-, x-ray crystal 
structure, 48, 288 

Pyrazolo[3,2-6]thiazol-3(2tf)-ones, 49, 13 
Pyrazolotriazines, nomenclature, 48, 236 
Pyrazolo] l,2-u][ 1,2,3]triazine betaines, 48, 
249 

Pyrazolo[5,1 -c][ 1,2,4] triazines 
formation in cycloadditions, 48, 148, 150 
nucleophilic substitution, 48, 280 
synthesis, 48, 127, 167, 237, 251, 259 
Pyrazolo[ 1,5-</][l ,2,4]triazine betaines, 48, 
244 

Pyrazolo[3,4-c'][ 1 ,2,4]triazines, 48, 247 
Pyrazolo[4,3-e]-l,2,4-triazines, 48, 247 
Py razolo] 1,5-a]-1,3,5-triazines 
reactions with nucleophiles, 48, 280 
synthesis, 48, 243 

Pyrazolo[3,4-tf]- 1 ,2,3-triazin-4-ones, 48, 

159, 249 

Pyrazolo[l ,5-t/][ 1 ,2,4]triazin-4-ones, 48, 

244, 246 

Pyrazolol 1,5-rf][ 1 ,2,4]triazin-7-ones, 48, 244 
Pyrazolo[l,2-u][l,2,3]triazole 
cycloaddition to DMAD, 48, 283 
electrophilic substitution, 48, 277 
Pyrazolo[l,5-c][l,2,3]triazoles, 48, 264 
Pyrazolo[3,4-</]-1,2,3-triazoles 
carbon NMR spectra, 48, 287 
synthesis, 48, 262 

Py razolo] l,2-u][ 1,2,4]triazoles, 48, 262 
Pyrazolo[l,5-6][l,2,4]triazoles, 48, 264 
Pyrazolo[3,2-c]-l,2,4-triazoles, 48, 261 
1 W-Py razolo[5,1-cJ-l ,2,4-triazoles 
synthesis, uses, 48, 258, 49, 283 
tautomerism, 48, 286 
3-(l-Pyrazolyl)pyrazoles, reactions with 
hydrazine, 48, 227 
Pyrazolyl quinoxalinones, 53, 290 
Pyrene, ozonolysis, 51, 83 
Pyrene, 4,5-dihydro-4,5-epoxy-, 

photochemical rearrangement, 51, 80 
Pyrenochaetic acid A, synthesis, 53, 68 
Pyrenocines, pyrone derivative, structure, 
synthesis, biosynthesis, 53, 25 
Pyridazines (review), 49, 385 


Pyridazines 

acylation (free-radical), 49, 406, 419 
adsorption on carbon, 49, 425 
amination, 49, 406 
arylation, 49, 406 
basicity, 49, 425 
bibliography, 49, 386 
calculations, theoretical, 49, 424 
cyanation, 49, 407 
dielectric properties, 49, 425 
halogenation, 47, 342 
hydrogen-exchange 
acid-catalyzed, 47, 327 
base-catalyzed, 47, 331 
methylation, 49, 405 
natural occurrence, 49, 433 
nitration, 47, 338 
N-oxidation, 49, 408 
photochemistry, 49, 423 
plant metabolism effects, 49, 438 
reduction, 49, 420 
spectra, 49, 427 
syntheses, 49, 386 
x-ray analysis, 49, 429 
Pyridazine, excited state geometry, 49, 425 
Pyridazines, labeled, general, 49, 403 
Pyridazines, N-15-labeled, 49, 417 
Pyridazine metal complexes, structure, 49, 
431 

Pyridazine nucleoside analogs, 49, 408, 411, 
416, 429, 430 
Pyridazines, amino- 
reactivity, 49, 415 
synthesis, 49, 414 

Pyridazine, 4-amino-, base-catalyzed H 
exchange, 47, 26 

Pyridazines, I -aryl-1,6-dihydro-, 49, 391 
Pyridazines, azido-, 49, 418 
Pyridazine, 3-chloro-6-phenyl-, 49, 131 
Pyridazine, 3,6-dichloro- 
lithiation, 52, 212 
reactivity, 49, 410 
spectra, 49, 427 
structure, 49, 431 
synthesis, 49, 130, 407 
Pyridazines, didehydro-, formation, 49, 429 
Pyridazine, 4,5-didehydro-3,6-diphenyl-, 
generation. 53, 179 
Pyridazines, 1,2-dihydro-, 49, 404 
Pyridazines, 2,3-dihydro-4-hydroxy-, 49, 399 
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Pyridazine, dihydro-3,6-diphenyl-, 
tautomerism, 49, 425 
Pyridazine, l,6-dihydro-3,6-diphenyl-, 49, 
405 

Pyridazines, fluoro- 
calculations on, 49, 425 
thermal rearrangement, 49, 422 
Pyridazines, halo- 
amination, 49, 414 
reactivity, 49, 409 
substitution S RN 1, 49, 419 
Pyridazines, 3-halo-, ANRORC substitution 
in, 49, 417 

Pyridazines, hexahydro- 
conformation, 49, 428, 429 
N-15 NMR, 49, 428 
Pyridazines, 3-hydrazino- 
complexation of hydrazones from, 49,431 
tautomerism, 49, 426 
Pyridazines, hydroxylamino-, 49, 417 
Pyridazines, methyl-, acidity, 49, 425 
Pyridazines, substd-3-methyl, tautomerism, 
49, 425 

Pyridazines, 4-nitro-, animation, 49,406,407 
Pyridazine, perfluoro-3,5-diisopropyl-, 
reaction with dimethylamine, 49, 415 
Pyridazines, spiro-, ring-chain tautomerism, 
49, 426 

Pyridazine, 1,2,3,6-tetrahydro-l ,3,5,6,6- 
pentaphenyl-, 49, 406 
Pyridazine, 3-vinyl-, 49, 412 
Pyridazine 1,2-dioxides 
photochemistry, 49, 423 
synthesis, 49, 403 

Pyridazine V-ethoxycarbonylimines, 
photochemistry, 49, 424 
Pyridazine 1-imines, synthesis and 
cycloadditions, 48, 233 
Pyridazine 1-oxides 
base-catalyzed hydrogen-exchange, 47, 
331 

complexes with Cu(II), 49, 432 
deoxygenation by Mo(III), 49, 421 
halogenation, 47, 347 
nitration, 47, 338 
photochemistry, 49, 423 
ring cleavage by organometallics, 49, 421 
Pyridazine 1-oxide, uv spectrum, 49, 427 
Pyridazine 1-oxide, 3-methoxy-, reaction 
with enamino-esters, 49, 405 


Pyridazinecarbaldehydes, 49, 413 
Pyridazine-4-carbonitriles, amination, 49, 
406 

Pyridazine-3-carboxylate, trimethylsilyl-, 
reaction with aldehydes and ketones, 
49, 413 

Pyridazine-4-carboxylic acids, 5-aroyl-, 49, 
413 

Pyridazine-3,4-dione, 5-diazo-2-pheny 1-, 
Wolff rearrangement, 49, 422 
Pyridazine-3,6-dione. trapping, 49, 420 
Pyridazine-3-thiones, tautomerism, 49, 427 
Pyridazine-3(2//)-thione, 4,5-diamino-, 
methylation, 49, 408 
Pyridazine-3-thione, 6-methyl-, 

photocycloaddition to olefins, 49, 424 
Pyridazine-3,4,6-trithiol, 49, 418, 426 
Pyridazinium betaines, 3-oxido-, valence 
photo-isomers, 49, 423 
Pyridazinium betaines, 5-oxido- 
formation, 49, 399 

photo-conversion into pyrimidinones, 49, 
423 

reduction by borohydride, 49, 399 
Pyridazinium phenacylide, 49, 408 
Pyridazinium salts, phenacylthio-, sulfur 
extrusion, 49, 419 
Pyridazinium ylids 
alkylation, 49, 412 
synthesis, 49, 408 
ultraviolet spectra, 49, 427 
Pyridazino[ 1,6-a[benzimidazole, 2,4- 
dimethyl-, 53, 185 

Pyridazino[1,6-a]benzimidazolium salts, 
2,4,5-trimethyl-, 53, 186 
Pyridazino-fused pyrazoles, 48, 224 
Pyridazinomycin, 49, 434 
Pyridazinones 

base-catalyzed H exchange, 47, 26 
halogenation, 49, 409 
Pyridazinones, amino-, diazotization, 49, 
416 

Pyridazinones, N-vinyl-, copolymers, 49, 
432 

Pyridazin-3-one, H/D exchange, 47, 27, 28 
Pyridazin-3-one 1-ethoxycarbonylimines, 
methylation, 49, 411 

Pyridazin-3-one ribosides, 49, 408, 411,429, 
430 

Pyridazin-3(2//)-ones, N-alkylation, 49,408, 

410 
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Pyridazin-4(ltf)-one, acid-catalyzed H- 
exchange, 47, 327 

Pyridazin-4(lW)-ones, 1-aryl-, formation 
from 3-arylazo-pyrones, 53, 63 
Pyridazin-4( 1 tf)-ones, 1 -aryl-3,6-dimethyl-, 
49,400 

Pyridazin-4( 1 H (-ones, 2,3-dihydro-, 49, 399 
Pyridazin-3-on-6-yl quinoxalinones from 
dehydroascorbic acid, 53, 287 
(3,5)Pyridazinophanes, 49, 387 
Pyridazino[4,3-c]pyridazine-3,4-dione 4- 
phenylhydrazone, 2,6,7,8-tetrahydro- 
2,6-dimethyl-, 53, 297 
Pyridazino[l,6-a]quinazolines, 52, 84 
Pyridazino[6,l-6]quinazolines, 52, 84 
Pyridazino[ 1,6-c/][l ,2,4]triazepine, 

3,4,4a,5,8,9-hexahydro-5,9-methano- 
2,4a,6,9,-tetramethyl-, 49, 429 
Pyridazinyl amidines, rotational barriers in, 
49, 427 

Pyridazynes, formation, 49, 429 
4,5-Pyridazyne, 3,6-diphenyl-, generation, 
53, 179 

Pyridinamines, see Pyridines, amino- 
Pyridines 

additions of organo-lithiums, 52, 192 
directed metalation in (review), 52, 187 
formation, from 

acetoxime and calcium carbide, 51,261, 
263 

acetylenes and oximes, 51, 194, 281 
1,2-diazocines by thermolysis, 50, 23 
hydrogen-exchange 
acid-catalyzed, 47, 280 
base-catalyzed, 47, 289 
reaction, with 
nitrilimines, 46, 205 
organometallics, 48, 35, 52, 192 
thionyl chloride, 49, 132 
synthesis using organo-cobalt catalysis 
(review), 48, 177 
Pyridine 

coupling to 2,2'-bipyridine by LDA, 52, 
202 

deprotonation, kinetic vs thermodynamic, 
52, 270 

dimerization by LDA, 52, 270, 271 
reaction with alkyl-, aryl-lithiums, 52, 192 
Pyridines, a-acetoxyethyl-, pyrolysis, 47, 
311 


Pyridine, 4-acetyl-2-fluoro-, 52, 222 
Pyridine, 3-acetyl-2-pivaloylamino-, 52, 233 
Pyridine, 4-acetyl-3-pivaloylamino-, 52, 233 
Pyridine, 3-acyl-2-fluoro-, 52, 213 
Pyridines, 2-acylthio-, reaction with 
Grignards, 48, 44 

Pyridines, alkoxy-, aminodealkoxylation, 
49, 142 

Pyridines, 3-alkoxy-, lithiation, 52, 240 
Pyridines, 2-, 4-alkoxy-3-benzoyl-, 52, 215 
Pyridines, 2-alkyl-, 48, 31 
catalytic synthesis, 48, 187 
Pyridines, alkyl-halo-, lithiation, 52, 210 
Pyridines, 3-allyl-, synthesis using boron 
derivatives, 46, 158 
Pyridines, amino- 
halogenation, 47, 304 
hydrogen-exchange, acid-catalyzed, 47, 
281,287 

nitration, 47, 294, 300 
sulfonation, 47, 310 
Pyridine, 2-amino- 

bromo-deamination (HN0 2 /HBr), 49, 133 
condensation with 
2-chlorobenzoic acid, 52, 73 
2-chlorobenzoic ester, 52, 72 
synthesis, 48, 196 
Pyridine, 3-amino-, 49, 137 
Pyridine, 4-amino-, deuteriation rate profile, 
47,20 

Pyridines, amino-o-benzoyl-, 52, 233 
Pyridines, amino-chloro-, hydrogen- 

exchange, acid-catalyzed, 47, 282, 287 
Pyridine a-aminoalkoxides, o-lithiation, 52, 
264 

Pyridine, 2-anilino-, 49, 125, 135 
Pyridine, 3-benzoyl-4-chloro-, fused 
heterocycles from, 52, 216 
Pyridine, 3-benzoyl-2-pivaloylamino-, 52, 
233 

Pyridine, 4-benzyl-, nitration, 47, 293 
Pyridine, 2-bromo- 

LDA metalation, ring opening, 52, 197 
Pyridine, 3-bromo 
amination, 49, 137 
bromine migration, 52, 196, 199, 201 
metalation 

and electrophilic substitution, 52, 281 
with bipyridine formation, 52, 202 
with hetaryne formation, 52, 196, 220, 
221 
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synthesis, 47, 304, 49, 137 
Pyridine, 2-t-butoxycarbonylamino-. o- 
lithiation. 52, 227 

Pyridine, 4-t-butoxycarbonylamino-. o- 
lithiation, 52, 234 

Pyridine, 2-t-butoxycarbonylamino-4- 
methyl-, lithiation, 52, 228 
Pyridine, 4-t-butyl-, lithiation, 52, 272 
Pyridines, chloro-, synthesis from 
pyridones, 49, 127 
Pyridines, 2-chloro- 
amination, 49, 135 
metalation by LDA, 52, 218 
reaction with BuLi, 52, 192 
Pyridine, 3-chloro-, dimerization by LDA, 
52, 203 

Pyridines, a-chloro-a-methylethyl-, 
solvolysis, 47, 313 

Pyridine, 2-chloro-3-nitro-. hydrazinolysis, 
49, 123 

Pyridines, dialkyl-, catalytic synthesis, 48, 
192 

Pyridine, 2,3-diamino-, condensation with 
dehydroascorbic acid, 53, 295 
Pyridines, N, W-diethylcarbonyloxy- 
anionic Fries rearrangements, 52, 245 
lithiation, 52, 241 

Pyridines, dihalo-, halogen scrambling in 
BuLi, 52, 199 
Pyridines, dimethoxy- 
hydrogen-exchange 
acid-catalyzed, 47, 288 
base-catalyzed, 47, 291 
nitration, 47, 293 
Pyridine, 2,6-dimethyI- 
halogenation, 47, 305 
hydrogen-exchange, acid-catalyzed, 47, 
281 

sulfonation (failure of), 47, 310 
Pyridine, 4-(dimethyloxazoIin-2-yl)-2- 
methoxy-, lithiation, 52, 254 
Pyridine, 2-ethenyl-, see Pyridine, 2-vinyl- 
Pyridine, 4-ethoxy-3-nitro-, hydrazinolysis, 
49, 123 

Pyridine, 2-ethyl-, catalytic synthesis, 48, 
185 

Pyridine, 2-fluoro- 
metalation, 52, 192, 218, 279 
reaction 

with BuLi, 52, 192 


with LDA, 52, 218, 279 
Pyridine, 3-fluoro-, lithiation 
solvent effects in, 52, 204 
temperature effects on, 52, 205 
theoretical considerations of, 52, 205 
isomerization of products, 52, 207 
Pyridine, 2-fluoro-3-iodo-, 52, 223 
Pyridines, 3-halo-, aminolysis, 52, 214 
Pyridines, hydroxy- 
halogenation, 47, 306 
nitration, 47, 297 
sulfonation, 47, 310 
Pyridine, 3-hydroxy- 
carboxylation. 47, 308 
hydrogen-exchange, base-catalyzed, 47, 
290 

Pyridine, 2-methanesulfonyloxy-, reaction 
with amines. 49, 160 

Pyridine, 2-methoxy-, o-lithiation, 52, 238, 
254 

Pyridine, 3-methoxy-, lithiation, 52, 242 
Pyridines, 4-methoxy- 
hydrogen-exchange 
acid-catalyzed, 47, 283, 288 
base-catalyzed, 47, 291 
lithiation, 52, 242 

Pyridine, 4-(2-methoxyethyloxy)-, lithiation, 
52, 243 

Pyridine, 3-methoxymethyloxy-, lithiation, 
52, 243 

Pyridine, 2-methyl- 
commercial uses, 48, 185 
industrial syntheses, 48, 183 
Pyridine, 2-methylthio-, 48, 196 
Pyridines, m-nitriloalkyl-, catalytic 
synthesis, 48, 192 

Pyridines, phenyl-, nitration, 47, 293, 302 
Pyridines, 2-pivaloylamino-, o-lithiation, 52, 
226, 228, 229, 232, 234, 236 
Pyridines, 3-pivaloyiamino-, o-lithiation, 52, 

225, 227, 233, 236, 282, 284 
Pyridines, 4-pivaloylamino-, o-lithiation, 52, 

226, 227, 232, 234, 236 

Pyridine, 3-pivaloylmethyl-2-fluoro-, 52, 223 
Pyridine, 2-pyrrolidino-, 49, 164 
Pyridine, 4-pyrrolidino-, 49, 156 
Pyridines, 2-(l-ribofuranosyl)-, 52, 285 
Pyridines, 2- and 4-sulfonyl-, reaction with 
Grignard reagents, 48, 29, 31 
Pyridine, 2-sulfonyloxy-, aminolysis, 49,126 
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Pyridine, 2,3,4,6-tetrafluoro-, lithiation, 52, 
191 

Pyridines, trialkyl-, catalytic synthesis, 48, 
192, 205 

Pyridine, 2,4,6-trimethyl- 
halogenation, 47, 306 
hydrogen-exchange, acid-catalyzed, 47, 
281 

nitration, 47, 293 

Pyridine, 2-vinyl-, industrial synthesis, 48, 
185, 188 

Pyridine-containing polyether macrocycles, 
48, 28 

Pyridine-hexafluoroacetone complexes, 
lithiation, 52, 274 

Pyridine ketone acetals, o-lithiation, 52,264, 
279 

Pyridine nitramines, rearrangement in acid, 
47, 296 

Pyridine 1-oxides 
halogenation, 47, 307 
hydrogen exchange 
acid-catalyzed, 47, 284, 288 
base-catalyzed, 47, 290 
lithiation, 47, 308 
mercuriation, 47, 308 
nitration, 47, 299, 301 
nucleophilic desulfonylation, 48, 33 
reaction with chlorinating agents, 49, 133 

Pyridine 1-oxide, lithiation, 52, 272 

Pyridine I-oxides, a-acetoxyethyl-, 
pyrolysis, 47, 312 

Pyridine 1-oxides, 4-amino-, hydrogen- 
exchange 

acid-catalyzed, 47, 285, 288 
base-catalyzed, 47, 290 

Pyridine 1-oxide, 2-azido-, thermolysis, 
photolysis, 51, 116 

Pyridine 1-oxide, 4-chloro-, amination, 49, 
138 

Pyridine 1-oxides, a-chloro-a-methylethyl-, 
solvolysis, 47, 314 

Pyridine 1-oxide, 3,5-dimethyl-, 
deuteriation, rate profile, 47, 24 

Pyridine 1-oxide, 4-dimethylamino-, 
properties, 49, 139 

Pyridine 1-oxides, 3-hydroxy- 
aminomethylation, 47, 309 
diazo-coupling, 47, 309 
halogenation, 47, 308 


hydrogen-exchange, acid-catalyzed, 47, 
285 

Pyridine 1-oxides, methoxy-, hydrogen- 
exchange 

acid-catalyzed, 47, 284, 288 
base-catalyzed, 47, 290 
Pyridine 1-oxide, 2,3,4,5-tetrahydro-, 
cycloaddition to dienes, 49, 200 
Pyridinecarbaldehydes, o-amino-, 52, 232 
Pyridine-4-carbonitrile, amino-decyanation, 
49, 173 

Pyridinecarboxamides, N.N-diethyl-, 52, 
261, 263 

Pyridinecarboxamides, N./V-diethyl-o- 
(pyridinecarbonyl)-, 52, 263 
Pyridine-3-carboxamide, A'.A'-diisopropyl- 
applications, 52, 291-294 
lithiation, 52, 261 

Pyridine-2-, -4-carboxanilides, lithiation, 52, 
259 

Pyridine-3-carboxylic acid, 4-benzoyl-, 52, 
52, 261 

Pyridine-3-carboxylic acid, 2-chIoro-, 
reaction with /3-diketone anion, 53, 18 
Pyridine-3-carboxylic acid, 2-, 4-pivaloyl- 
amino-, 52, 234 

Pyridin-3-carboxylic acids, 1,4-dihydro-4- 
oxo-, formation from triacetic lactone, 
53,60 

Pyridine-4-carboxylic acid, 3-pivaloyl- 
amino-, 52, 234 

Pyridine-3-carboxylic ester, lithiation, 52, 
256 

Pyridine-3,5-dicarbonitrile, 1,4-dihydro- 
2,4,4,6-tetramethyl-, reaction with 
hydrazine, 49, 400 

Pyridine-2,5-dicarboxylic acid I-oxide, 6- 
aminonicotinic acid from, 49, 175 
Pyridine-3,4-dicarboxylic ester, triphenyl-, 
51, 111 

Pyridine-3,5-dicarboxylic ester, 1,4-dihydro- 
1,2,5-trimethyl-, reaction with 
dipyridyl-l,2,4,5-tetrazines, 49, 397 
2-Pyridinesulfenic acid, synthesis, 48, 34 
Pyridinesulfonamides, o-lithiation, 52, 265 
Pyridinesulfonic acids, 

hydroxydesulfonylation, 48, 42 
Pyridine-3-thiol, 4-amino-, 52, 237 
Pyridine-2-thiones, 1-hydroxy-, use in 
halodecarboxylation, 48, 48 
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Pyridiniiim boronate betaines, 46, 161 
Pyridinium salts, l-alkoxycarbonyl-, 
reaction with organometallics, 48, 37 
Pyridinium, l-methyl-2-methylamino-, 
perchlorate, nitration, 47, 46 
Pyridinium, 1,2,4,6-tetramethyl- 
acid-catalyzed hydrogen-exchange, 47, 
281 

nitration, 47, 293 

Pyridinium, 1-phenyl-, base-catalyzed 
hydrogen-exchange, 47, 290 
Pyridinium, I-(4-pyridon- 1-yl)-, synthesis 
from dehydroacetic acid, 53, 60 
Pyridinium, l-(4-pyridyl)-, chloride 
formation, 49, 132 
reaction with amines, 49, 168 
N-Pyridinium substituents as cine- 
substitution groups, 53, 208 
Pyridin-2-ones 
bromination, 47, 306 
carboxylation, 47, 308 
hydrogen-exchange, acid-catalyzed, 47, 
283 

nitration, 47, 298 
sulfenylation, 47, 310 
synthesis by Co-catalyzed condensations, 
48, 201,202 
Pyridin-2-one 

amination, 49, 125, 148, 164 
dimethylamination with HMPA, 49, 162 
nitration, 47, 46 
silylation-amination, 49, 156 
Pyridin-2-one, 3-benzoyl-, 52, 215 
Pyridin-2-ones, 4-hydroxy- 
benzylamination, 49, 125 
formation from triacetic lactone and 
analogs, 53, 59 
Pyridin-4-ones 
bromination, 47, 307 
hydrogen-exchange, acid-catalyzed, 47, 
283, 288 

nitration, 47, 299, 301 
Pyridin-4-one 

dimethylamination with HMPA, 49, 162 
formation from dehydroacetic acid and 
analogs, 53, 60 
silylation-amination, 49, 156 
Pyridin-4-ones, 1-hydroxy-, acid-catalyzed 
hydrogen-exchange, 47, 283, 284, 288 
Pyridin-4-one, 1 -hydroxy-2,6-dimethyl-, 
deuteriation, rate profile, 47, 23 


Pyridin-4-one, l-(4-pyridyl)-, 49, 131 
Pyridin-4-ones, l-(l,2,4-triazol-4-yl)-, 53, 
165 

Pyridin-4-ones, l-(4-pyridon-!-yl)-, 
synthesis from dehydroacetic acid, 
53,60 

Pyridin-4-one-3-carboxylic acids, formation 
from triacetic lactone, 53, 60 
Pyrido[l,2-a]benzimidazole, nitration, 47, 
252 

Pyrido[l,2-a]benzimidazolium salts, 5- 
amino-, 53, 105 

5//-Pyrido[4,3-6][l,5]benzodiazepines, 11- 
aryl-, 52, 278 

6//-Pyrido[2,l-6|[l,3]benzodiazocine, 7,8- 
dihydro-11-methylthio-, 50, 39 
Pyridol 1,2-6]cinnolinium, 11-oxido- betaine, 
octahydro-, photochem rearrangement, 
52, 76 

l//-Pyrido[4,3-e]-l ,4-diazepines, 5-aryl-2,3- 
dihydro-, 52, 278 

Pyrido[4,3-e]-l ,4-diazepin-2-one, 1,3- 
dihydro-5-phenyl-, 52, 283 
Pyrido[2,3-c]-l,2-diazocine, 1,2,3,4,5,6- 
hexahydro-2-methyl-, 50, 7 
Pyrido[2,3-6]indoles derived from 
dehydroascorbic acid, 53, 300 
Pyrido[3,4-g]isoquinoline and -4,5-dione, 52, 
263 

Pyridones, see Pyridinones 
Pyridofl ,2-c][ 1,3]oxazine, perhydro-, 
conformational equilibria, 49, 263 
Pyrido[2,l-/]purine-2,4-dione, 53, 201 
Pyrido[2,3-rf]pyrazines derived from 
dehydroascorbic acid, 53, 295 
Pyrido[3,2-c]pyridazine, oxidative 
amination, 49, 180 
Pyrido[4,5-d]pyridazine-5,8-diones, 
amination, 49, 158 
Pyrido[2,3-t/]pyrimidine-2,4-dione, 
amination, 49, 157 

Pyrido[2,3-d]pyrimidine-2,4-dione, 5,6,7- 
trimethyl-, amination, 49, 128 
Pyrido[2,3-d]pyrimidine-2,5-diones, 
amination, 49, 158 

Pyrido[2,3-rf]pyrimidin-2-one, 4-phenyl-, 52, 
233 

Pyrido[3,4-d]pyrimidin-4-one, 2-methyl-, 
amination, 49, 129, 158 
Pyrido[3,4-rf]pyrimidin-2-one, 4-phenyl-, 52, 
233 
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Pyrido[4,3-(/]pyrimidin-2-one, 4-phenyl-, 52, 
233 

Pyrido[ 1,2-a]quinazolines, 52, 70 
Pyrido[2,l-6]quinazolines, 52, 73 
Pyrido[l,2-c]quinazolines, 52, 78 
Pyrido[l,2-c]quinazolinium salts, 52, 78 
Pyrido[2,l-6]quinazolin-l l-one, 52, 73, 74, 
76, 77 

Pyrido[l,2-c]quinazolin-4-ones, 49, 85 
Pyrido[l ,2-c][l ,3]thiazine, perhydro-, 
conformational equilibria, 49, 263 
Pyrido[2,3-c]-l,2,5-triazocin-6-one, 1,2,3,4- 
tetrahydro-l(?),5-ditosyl-, 50, 47 
Pyridoxine, catalytic synthesis, 48, 195 
O-Pyridyl carbamates, lithiation, 52, 244 
3-Pyridyl cuprate, reaction with iodoallene, 
52, 281 

Pyridyl 3- and 4-Grignard reagents, 
formation from sulfoxides, 48, 14 
Pyridyl halides, lithium-halogen exchange, 
52, 269 

2-Pyridyl isocyanate, condensation with 1- 
morpholinocyclohexene, 52, 72 

2- Pyridyl isothiocyanate, dimer, 50, 64 
Pyridyl sulfones, lithiation, 52, 268 
Pyridyl sulfoxides 

lithiation, 52, 268 

reaction with Grignard reagents, 48,7, II 
Pyridylboranes 
proton NMR spectra, 46, 162 
synthesis, 46, 144, 145 
Pyridyllithiums, relative stabilities, 48, 38 

3- Pyridyloxy-, leaving group activation, 49, 

144 

2.3- Pyridyne, generation, furan 
cycloaddition, 52, 219 

3.4- Pyridyne 
cycloadditions 

to furan, 52, 196, 219, 220 
to isobenzofurans, 52, 220, 221 
generation 

and amination, 52, 194, 219 
from sulfoxides, 48, 17 
Pyrimidines 

amination, effect of leaving-group, 49,124 
diazo-coupling, 47, 348 
formation from 2-pyrones, 53, 63 
halogenation, 47, 342 
hydrogen-exchange 
acid-catalyzed, 47, 328 


base-catalyzed, 47, 333 
lithiation, 47, 350 
nitration, 47, 339 
nitrosation, 47, 349 
sulfonation, 47, 349 
transaminations in, 49, 176 
Pyrimidine dication, 1,3-diethyl-, acid- 
catalyzed hydrogen-exchange, 47, 329 
Pyrimidine, 4-amino-5-benzoyl-, 52, 214 
Pyrimidines, 5-amino-4-hydrazino-, 

cyclization to aminopurines, 53, 109, 

110, 112 

Pyrimidine, 5-benzoyl-4,6-dichloro-, fused 
heterocycles from, 52, 216 
Pyrimidine, 2-bromo-, reaction with 
organolithiums, 52, 194 
Pyrimidine, 5-bromo-. reaction with 
lithium diisopropylamide, 52, 194, 211 
organolithiums, 52, 194 
Pyrimidines, 2,4- and 4,6-dichloro-, 
lithiation, 52, 212 

Pyrimidine, 2,4-dimethoxy-, lithiation, 52, 
252 

Pyrimidines, fluoro-, formation, 49, 422 
Pyrimidine, 2-methoxy-5-phenyl- 
aminodemethoxylation, 49, 142 
rearrangement to 3,5-diphenylpyridine, 
49, 142 

Pyrimidine, 5-methyl-, lithiation, 52, 270 
Pyrimidines, methylsulfonyl-, aminolysis, 
49, 172, 173 

Pyrimidines, 5-nitro-, reaction with 
ynamines, 50, 41 

Pyrimidines, phenyl-, nitration, 47, 337 
Pyrimidines, polyamino-, 

protodesulfinylation, 48, 39 
Pyrimidine 1-oxides, hydrogen-exchange 
acid-catalyzed, 47, 330 
base-catalyzed, 47, 333 
Pyrimidine 1-oxides, 5-hydroxy-, H- 
exchange, 47, 330 

Pyrimidine-4-carboxylic ester, 1,6-dihydro- 
2-pyrrolidino-6-oxo-, 50, 135 
Pyrimidinediones 
hydrogen-exchange 
acid-catalyzed, 47, 329 
base-catalyzed, 47, 335 
nitration, 47, 339, 340 
Pyrimidine-2,4-dione, 6-cyanoimino-5- 
diazo-l,3-dimethyI-, 53, 178 
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Pyrimidine-2( lf/)-thiones, 1-aryl-, 50, 95 
Pyrimidine-2-thione, 4-phenyl-, formation 
from l,3-thiazin-2-imine, 50, 128 
Pyrimidinium cyanoborate betaines, 46, 147 
Pyrimidin-2-ones 

acid-catalyzed hydrogen-exchange, 47, 
328 

halogenation, 47, 343 
nitration, 47, 339 
photolysis, 50, 95 

Pyrimidin-2-one, H/D exchange on covalent 
hydrate, 47, 26 
Pyrimidin-4-ones 

base-catalyzed hydrogen-exchange, 47,334 
halogenation, 47, 343 
nitration, 47, 339 

Pyrimidin-4(3//)-ones, formation. 49, 423 
Pyrimidinone boronic acids, 46, 146 
2-Pyrimidinyl sulfoxides, reaction with 
Grignard reagents, 48, 20 
Pyrimidoanthrones, 51, 74 
PyrimidoU ,2-a]benzimidazole, 2,4-diaryl-, 
53, 202 

Pyrimido-l,5-benzodiazocine, 46, 48 
6W-Pyrimido[2, l-f>][ 1,3]benzodiazocine, 
7,8-dihydro-10-methylthio-, 50, 28 
Pyrimido-l,4-diazepines, 52, 281 
Pyrimido[4,5-c]isoquinoIine-l,3-diamine, 
7,8,9,10-tetrahydro-, 52, 178 
Pyrimido[ 1,2-6]isoquinolin-4-ones, 7,8,9,10- 
tetrahydro-, 52, 178 
Pyrimidof 1,2-aJquinazolines, 52, 87 
Pyrimido[2.1-l>]quinazolines. 52, 87 
Pyrimido[6,l-6]quinazolines. 52, 87 
Pyrimido[l,2-c]quinazolines, 52, 87 
Pyrimido[4,5-6]quinoline, 2,4-diphenyl-, 52, 
256 

Pyrimido[5,4-c]quinoline, 5-methoxy-2,4- 
diphenyl-, 52, 256 

Pyrimido[l ,2-6]-1,2.4,5-tetrazin-6-ones, 1,4- 
dihydro-, rearrangement, 49, 331 
2J/-Pyrimido[2,l-6][ 1,3]thiazin-8-one, 6- 
methoxycarbonyl-2,2,4-trimethyl-, 
synthesis, 50, 145 

Pyrimido[5,4-e]-1,2,4-triazines. 1,2- 
dihydro-, 53, 109, 111 
Pyrimido[4',5'-5,6][1.2,4]triazino[2.3-/]- 
purine-2,4,7.9-tetrone. 1.3,8,10- 
tetramethyl-, 
formation, 53, 196 


use, 53, 213 

2-Pyrimidinyl sulfoxides, reaction with 
Grignard reagents, 48, 20 
Pyrolysis 

kinetics of 1-arylethyl acetates, 47,78, 212 
of a-acetoxyethyl derivatives of 
furans and benzo[6]furans, 47, 124, 213 
pyridines, 47, 311 
pyrroles, 47, 125 

pyridines and pyridine oxides. 47, 311, 
317, 321 

selenophenes. 47, 124 
thiophenes and benzo[6]thiophenes, 47, 
213 

tellurophenes, 47, 124 
of methyl naphtho[l,8-cd]oxathiole S,S- 
dioxides, 51, 7, 15 
of naphthalic anhydride. 51, 16 
of naphthosultones, 51, 7, 15 
Pyrolysis, gas-phase, of I-arylethyl acetates, 
47, 80, 174, 212 

2-Pyrones, condensation with N- 
aminoazoles, 53, 165 
2-Pyrones, 5-acyl-4-hydroxy-, thermal 
rearrangement, 53, 69 
2-Pyrone, 3,4-difluoro-6-methyl-, 53, 14 
2-Pyrone, 4-dimethylamino-6-methyl-, 53,14 
2-Pyrones, d-fused with heterocycles, 53, 
15, 16 

2-Pyrones, 4-hydroxy- 
acidity, 53, 11 
O-acylation, 53, 44 
O-alkylation, 53, 43 
condensation, with 
cationic heterocycles, 53, 41 
orthoformic esters, 53, 41 
hydrogenation, 53, 69 
reaction with thionyl chloride, 53, 41 
substitution of hydroxy group, 53, 44 
tautomerism, 53, 7 

see also Dehydroacetic acid, Triacetic 
acid lactone 

2-Pyrones, 4-methoxy-, reaction with 
amines, 53, 44 
aryllithium reagent, 53, 59 
dienophiles, 53, 68 
see also 2-Pyrones, 4-oxy- 
2-Pyrones, 4-oxy- 
acylation, 53, 35 
alkenylation, 53, 36 
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diazo-coupling, S3, 41 
haiogenation 
at C(6)-methyl, 53, 48 
at ring C, 53, 39 
lithiation, 53, 42 
natural products, 53, 23 
nitration, 53, 41 
reaction with thiourea, 53, 63 
spectra 
mass, 53, 10 
NMR, 53, 8 
ultraviolet, 53, 6 

synthesis from open-chain compounds, 
53, 11 

2-Pyrones, 6-(«-phosphonylalkyl)-, 53, 

49, 50 

2-Pyrone, 3,5,6-trimethy 1-4-methoxy-, 
selenium dioxide oxidation, 53, 11 
2-Pyrones, triphenylphosphoniomethyl-, 53, 
49,51 

4-Pyrones, formation from3-acyl-2-pyrones, 
53, 59, 64 

4-Pyrones, 2-alkoxy- 
formation, 53, 71 
infrared spectra, 53, 8 
ultraviolet spectra, 53, 6 
Pyrophosphates, formation using 

thianthrene cation radical, 48, 348 
1 //-Pyrroles 
acylation, 47, Ill 
alkylation, 47, 102 
condensation with 

dimethylaminobenzaldehyde. 47, 

121 

diazo-coupling, 47, 121 
formation 

by S extrusion from 1,3-thiazines, 50, 
148 

on pyridazine reduction, 49, 422 
hydrogen exchange, acid-catalyzed, 47,90 
preparation from ketoximes and 
acetylenes (review), 51, 177 
reaction with nitrous acid, 48, 154 
sulfonation, 47, 122 
Pyrrole, reaction with 
a-chloropyruvaldehyde 

phenylhydrazone, 49, 281 
nitrilimines, 46, 206 

Pyrroles, a-acetoxyethyl-, pyrolysis, 47 125 
Pyrrole, 4-acetyl-3-diazo-2,5-diphenyl-, 
x-ray crystal structure, 48, 67 


Pyrrole, I-acyl-, acylation, 47, 111 
Pyrroles, 3-alkyl-2-benzyl-, 51, 248 
Pyrroles, 3-alkyl-2-phenyl-, 51, 206 
Pyrroles, 2-alkylsulfinyl, rearrangement, 

48, 52 

Pyrroles, 2-aryl-, 51, 183, 188,192, 194, 216, 
270 

Pyrrole, l-cyanato-2,3,4,5-tetrakis(tri- 
fluoromethyl)- 

NMR, mass spectra, 51, 107 
synthesis, 51, 118 

Pyrrole, 2-cyano-l-hydroxy-, 51, 116 
Pyrroles, 2-cyclopropyl-, 51, 241, 242 
Pyrrole, 3,4-diacetyl-l-hydroxy-2,5- 
dimethyl-, dioxime, 51, 116 
Pyrroles, 2,3-dialkyl-, 51, 199 
infrared spectra, 51, 205 
NMR spectra, 51, 203 
regiochemistry of formation, 51, 244 
ultraviolet spectra, 51, 204 
Pyrroles, diazo¬ 
basicity, 48, 85 
photolysis, 48, 89 
spectra 

C-13 NMR, 48, 70 
infrared, 48, 73 
ultraviolet, 48, 72 
synthesis, 48, 158 
thermolysis, 48, 89 
see also 2 H- and 3//-Pyrroles, diazo- 
Pyrrole, 2,3-diphenyl-, 51, 206, 208 
Pyrrole, 2-ethoxymethyl-l-vinyl-, 51, 237 
Pyrrole, 2-(2-furyl)-3-alkyl-, 51, 216, 218 
Pyrroles, /V-hydroxy- (review), 51, 105 
Pyrroles, 1-hydroxy- 

cycloaddition to N-phenylmaleimide,51,109 
oxidation to radicals, 51, 109 
reactivity, 51, 107 
reduction, 51, 109 
spectra, 51, 106 
stability, 51, 109 
synthesis, 51, 115 
tautomerism, 51, 107 
Pyrrole, l-hydroxy-2,3-dimethyl-, 51, 118 
Pyrrole, l-hydroxy-2,5-dimethyl-, 51, 116 
Pyrroles, l-hydroxy-3-phenyl-, 51, 115 
Pyrrole, 1-hydroxy-2,3,5-triphenyl-, 51, 118 
Pyrroles, fused 2-hydroxy-, 52, 9 
Pyrrole, l-(3- 

methoxycarbonylacryloyloxy)-, 
intramolecular cycloaddition, 51, 110 
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Pyrrole, 1-methyl- 
acylation, 47, 113 
alkylation, 47, 102 
Pyrrole, 2-methyl-, 51, 200 
spectra, 51, 203 

Pyrroles, 2-methyl-3-propenyl-, 51, 240 
Pyrrole, 2-methyl-1-vinyl- 
spectra, 51, 203 

synthesis from oximes, 51, 200, 202 
Pyrroles, l-(2-methylthiovinyl)-, 51, 259 
Pyrrole, 2-naphthyl-, 51, 209, 213, 215 
Pyrrole, 2-phenyl-, from acetophenone 
oxime, 51, 183, 188, 192, 194 
Pyrrole, 2,3-polymethylene-, 51, 227, 228 
Pyrrole, tetrahydro-, see Pyrrolidine 
Pyrrole, 2-(2-thienyl)-3-alkyl-, 51, 219, 222 
Pyrrole, 1,2,5-trimethyl-, cycloaddition to 

3.4- pyridyne, 52, 220 

Pyrrole 1-oxyl radicals, see Pyrrolyl-l-oxyl 
Pyrrole ring, intramolecular oxidative 
cyclization oxime group to, 52, 10 
2//-Pyrroles, 3,4-dihydro-2-hydroxy-, 51, 
256 

2//-Pyrrole 1-oxide, 2-cyano-2-methyl-, 
NMR, 51, 107 

2//-Pyrrole 1-oxide, 3,4-dihydro-, see 1- 
Pyrroline 1-oxide 
2//-Pyrroles, 2-diazo- 
coupling reactions, 48, 122 
spectra, 48, 71, 73 

3//-Pyrrole, 3,3-dimethyl-2-phenyl-, 51, 257 
3//-Pyrroles, 3-diazo- 
photochemical image-forming, 48, 164 
photolysis, 48, 89 
reactions in acids, 48, 118 
spectra, 48, 71, 76 
thermolysis, 48, 89 
3//-Pyrrole, 3-diazo-5-pheny!-, mass 
spectra, 48, 77 

3//-Pyrrole, 3-diazo-2,4,5-triphenyl-, 
cycloaddition, 48, 147 
Pyrrolidines, 1-amino-, oxidative 

rearrangement to pyridazines, 49, 400 
Pyrrolidine, 2-(ethoxycarbonylmethylene)- 

5.5- dimethyl-, 51, 111 
Pyrrolidine, 1-hydroxy-, 51, 111 
Pyrrolidine, l-hydroxy-2-phenyl-, 51, 111 
Pyrrolidine ring, intramolecular cyclization 

of imine to, 52, 10 

Pyrrolidine-2,4-dione derivative, formation 
from 6-tosylamino-2-pyrone, 53, 57 


Pyrrolidinyl-1 -oxyIs, 2,2,5,5-tetrasub- 
stituted, 51, 113 

Pyrrolines, reaction with nitrilimines, 46,206 
1-Pyrroline, 2-methoxy-, reaction, with 
acylhydrazides, 49, 281 
diketene, 49, 259 

1-Pyrroline 1-oxides, reaction with 
organometallic reagents, 51, 113 
1-Pyrroline 1-oxide, 51, III 
1-Pyrroline 1-oxide, 5,5-dimethyl-, 51, 111 
Pyrrolization of methylhydrazones, 51, 244 
Pyrrolo-anthrones, see Naphth[ccflindolones 
Pyrrolol 1,2-nJbenzimidazole, electrophilic 
substitution, 47, 259, 260 
Pyrrolo[c]cinnolines, 48, 119 
Pyrrolo-l,5-diazocinones, hexahydro-, 46, 37 
Pyrrolo[3,2-e] and [2,3-/]indoles, dihydro-, 
electrophilic substitution. 47, 259 
Pyrrolo[2,l,5-</e]indolizine, see 
cycl[3.2.2]azine 

Pyrrolol 1,2-h]isoxazoles, hexahydro-, 51, 111 
Pyrrolo[2,3-h]-naphthyridin-2-ones, 
tetrahydro-, 52, 284 

3//-Pyrrol-3-one 1-oxide, 2,4,5-triphenyl- 
cycloaddition to acetylenedicarboxylic 
ester, 51, 110 

reaction with phenyl Grignard, 51, 111 
synthesis, 51, 118 

Pyrrolol 1,2-c][ 1,3]oxazines, perhydro- 
conformational analysis, 49, 266 
synthesis, 49, 224 

Pyrrolo[2, l-c][ 1,4]oxazine-l ,4-diones, 
tetrahydro-, 49, 249 
Pyrrolo[2, !-/>][ 1,3]oxazin-6-ones, 
perhydro-, 49, 258 

Pyrrolo[2,!-/»][! ,3]oxazin-4-one, perhydro- 
2-methylene- -8a-methoxy-, 49, 259 
Pyrrolo[l,2-c][l,3]oxazin-3-ones, 
perhydro-. 49, 225 
Pyrrolo[2,l-c][ 1,4]oxazin-3(4// )-one, 
tetrahydro-, 49, 249, 254, 267 
Pyrrolol 1,2-c][ 1,3]oxazol-3-ones, 
perhydro-, 49, 226 
Pyrrolol 1,2-a]pyrazine 
lithiation, 47, 237 
protonation, 47, 232 

Pyrrololl,2-a]pyrazines, octahydro-, 49,242 
Pyrrolol 1,2-fl]pyrazine-1,4-diones, 
perhydro- 

conformation and structure, 49, 248 
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spectra, NMR, 49, 249 
stereochemistry, 49, 248 
synthesis from a-aminoacylprolines, 49, 
242, 245-7 

Pyrrolo[l,2-a]pyrazinones and -diones, 49, 
242 

4//-Pyrrolo| 1,2-6]pyrazole, 5,6-dihydro-, 
synthesis, 48, 271 

Pyrrolo[2,3-c]pyrazoles, 1,6-dihydro-, 48, 
269 

Pyrrolo[l,2-6]pyridazine, protonation, 47, 
232 

Pyrrolo[l,2-6]pyridazines, hexahydro- 
conformational analysis, 49, 261 
synthesis, 49, 208 

Pyrrolo[2,3-rf]pyridazine, 4-dimethylamino- 
7-heptafluoroisopropyl-2,3-dihydro-1- 
methyl-, 49, 415 

Pyrrolo[l,2-6]pyridazin-7-ones, tetra- and 
hexahydro-, 49, 208 
4/f-Pyrrolo[3,4-c]pyridazin-4-ones, 1,6- 
dihydro-, 48, 118 

Pyrrolo[r,2':2,3]pyridazino[6,l-6]quin- 
azolin-4(5W),l 1-diones, 52, 85 
Pyrrolo-pyridines 
electrophilic substitution, 47, 238 
nitration, 47, 237 

Pyrrolo[2,3-%yridines, 2-alkyl-, 52, 224, 
235 

Pyrrolo[2,3-6]pyridine, 1,3-dimethyl-, 52, 
218 

Pyrrolo[3,2-c]pyridines, 4,5,6,7-tetrahydro-, 
51, 229, 233, 234 

Pyrrolo[3,4-c]pyridine, lithiation, 52, 274 
Pyrroio[3,2-c]pyridine l-oxyl, 4,5,6,7- 
tetrahydro-l,l,3,3-tetramethyl-, 51, 

229, 233, 234 

Pyrrolo[3,2-</]pyridines, 2-t-butyl-. 52, 235 
Pyrrolo-pyrimidines 
electrophilic substitution, 47, 238 
formylation, 47, 238 
protonation, 47, 232 
Pyrrolo[l,2-c]pyrimidines, 1,2,3,4- 
tetrahydro-, 51, 229, 235, 236 
Pyrrolol 1,2-a]pyrimidin-6-ones, perhydro- 
NMR, stereochemistry, 49, 257 
synthesis, 49, 255 

Pyrrolo[2',3'-4,5]pyrrolo[2,l-6]thiazol- 
3(2tf Tones, 49, 40 
Pyrrolo[l,2-a]quinazolines, 52, 7-10 


Pyrrolo[2,l-6]quinazolines, 52, II 
Pyrrolo[l,2-c]quinazolines, 52, 14 
Pyrrolo[ 1,2-a]quinoline, 2,7-dimethyl-, 
electrophilic substitution, 47, 219 
Pyrrolo[l,2-a]quinoxaline, electrophilic 
substitution, 47, 251 
Pyrrolo[2,l-c][l,4]thiazines, 49, 254 
Pyrrolo[2,l-6][l,3]thiazine-4,6-dione, 49, 

259 

Pyrrolo[2,1 -Tjthiazoles 
acid-catalyzed hydrogen exchange, 47, 
268 

acylation, 47, 269 
electrophilic substitution, 47, 270 
nitration, 47, 270 
nitrosation, 47, 269 

Pyrrolo[2,l-£>]thiazol-3(2W Tones, synthesis, 

49,4 

Pyrrolo[3,4-c/]-l,2,3-triazin-4-ones, 48, 167 
Pyrrolo[2,3-</]-l ,2,3-triazoles, 3a,68- 
diphenyl-, 53, 207 

Pyrrolo[2,l-c]-l,2,4-triazoles, 49, 281 
Pyrrolyl-l-oxyl radicals, 51, 109, 112 
Pyrrolyl-l-oxyl, 2,5-di-t-butyl-3,4- 
diethoxycarbonyl-, 51, 112 
Pyrrolyl-l-oxyl, 3-carbamoyl-2,5-dihydro- 
2,2,5,5-tetramethyl-, photolysis, 51,112 
Pyrrolyl-l-oxyl, 2,5-dihydro-2,2,5,5- 
tetramethyl-, 51, 112 
Pyrrolyl-l-oxyl, tetraphenyl-, 51, 112 
Pyrylium ions, electrophilic substitution, 47, 
280 

Pyrylium, 2-alkoxy-, 53, 71 
Pyrylium, 2,6-dimethyl-, hydrogen- 
exchange, 47, 286 


Q 

Quaternary ammonium azines, formation, 
reactivity, uses, 49, 168 
Quaternary 1,2,4-triazinium cations, 
reaction with nucleophiles, 46, 82 
Quaternization 

activation of 3-pyridyloxy- as leaving 
group by, 49, 144 

effect of on proton exchange rates in 
azoles, 47, 145 
of 1,2,4-triazines, 46, 83 
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Quinazolines, formation in 1.5- 

benzodiazocine rearrangement. 46, 54 
Quinazolines. hetero-fused, with bridgehead 
nitrogen (review). 52, I 
Quinazoline, nitration, 47, 377 
Quinazolines, 4-( l-aziridinyl)-. 

rearrangement, 52, 31 
Quinazoline, 4-chloro-, reaction with 
hydrazine, 53, 126 
tetrazoles, 49, 337 
Quinazoline, 2-chloro-4-methylthio-. 

ethylamination. 49, 170 
Quinazoline, 2,4-diphenyl dianion, 
alkylation, 52, 14. 78 
Quinazoline, 4-ethoxy-, reaction with 
acetylenedicarboxylic ester. 52, 70 
Quinazoline, 4-methyl-, reaction with 
acetylenedicarboxylic ester, 52, 118 
Quinazoline 3-oxide, 2-chloromethyl-, ring 
enlargement with hydrazine, 50, 48, 54 
Quinazoline 3-oxide, 2-(2-cyanoethyl)-, 
cyclization, 52, 9 

Quinazoline 3-oxides, 4-methylthio-, 
condensation with active methylene 
compounds, 52, 36 
Quinazoline-2,4-dione, mono- and di- 
amination, 49, 154 

QuinazoIine-2-thione, 3,4-dihydro-4-oxo-, 
reaction 

with DMAD, 49, 65 
with haloacetic acids, 49, 67 
Quinazoline-2(l// )-thione, 3,4-dihydro-4- 
oxo-, condensation with 
2-chlorocyclohexanone, 52, 51 
2,3-dichloroquino xaline-1,4-dioxide, 

52, 46 

Quinazolinium 3-phenacyl ylid, 
cycloaddition to DMAD, 52, 14 
Quinazolino[3,2-/>][l,2]benzodiazepines, 52, 
119 

Quinazolino[3,2-o][l ,4]benzodiazepines, 52, 
121 

Quinazolino[3,2-d][l,4]benzodiazepines, 52, 
122 

Quinazoiino[3,2-/>][l,2,4]benzothiadiazin- 
13(6/7 Tones 50, 273 

Quinazolino[2,3-a][3,l]benzothiazine-5,12- 
diones, 52, 104 

6//-Quinazolino[2,3-c][l,4]benzothiazin-l2- 
ones, 52, 105 


Quinazolino(3,2-</][ 1,3,4]benzotriazepin- 
9(5//Tones, 6.7-dihydro- 
oxidative ring contraction, 52, 108 
synthesis, 52, 123 

Quinazolino[3,2-c|[ 1,2,3]benzotriazin-8- 
imines, 52, 106 

Quinazolino[3,2-c)[ 1,2,3]benzotriazin-8-one 
photolysis, 46, 17 
synthesis, 52, 107 

Quinazolino(3,2-fl][3,l]benzoxazine-5,12- 
dione, 52, 100 

6//-Quinazolino[2,3-c][l,4]benzoxazin-12- 
ones, 52, 101, 102 

5//-Quinazolino[3,2-cj[2,3]benzoxazin-7- 
one, 52, 99 

Quinazolino[3,2-b]cinnolines, 52, 85 
Quinazolinones, halogenation, 47, 386 
Quinazolin-4-one 
amination, 49, 162 

condensation with methyl isocyanate, 52, 
113 

Quinazolin-4-ones, 3-amino-, oxidation, 52, 
77,85, 119 

Quinazolin-4-one, 1 -amino-2-( 1 -alk-3-ynyl)-. 
intramolecular oxidative cycloaddition. 
52, 12 

Quinazolin-4-one, 3-amino-2-hydrazino-, 
condensation with benzoin, 52, 124 
Quinazolin-4-ones, 3-aryl-2-methyl-, 
condensation with 
acetylenedicarboxylic ester, 52, 116 
malonic esters, 52, 71 
Vilsmeier reagent, 52, 79 
Quinazolin-4-ones, 2,3-diamino-, 

condensation with pyruvic ester, 52,109 
Quinazolin-4-one, 2-ethyl-3- 
(acetoxyamino)-, formation, 
decomposition, 53, 172 
Quinazolin-4-ones, 2-vinyl-, cycloadditions. 
52, 71 

6a//-Quinazolino[ 1,2-aJquinazoline- 
5,8(6//,7//)-diones, 52, 93 
Quinazolino[3,2-a]quinazoline-5,12-diones. 
52, 93, 94 

Quinazolino[2,3-6]quinazoline-5,7-diones, 
52,95 

Quinazolino[3,4-a)quinazolin-13-ones, 

52, 95 

Quinazolino[4,3-Z>]quinazolin-7-ones, 52, 95 
Quinolines 
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directed metalation in (review), 52, 187 
halogenation 47, 382 
hydrogen-exchange 
acid-catalyzed, 47, 361, 366 
base-catalyzed, 47, 368 
mercuriation, 47, 388 
nitration, 47, 369 
reaction with nitrilimines, 46, 205 
sulfonation, 47, 388 
Quinoline 

calculated ir-electron densities, 47, 396 
cycloaddition to nitrilimine 49, 315 
dimerization by LDA, 52, 270 
hydroxylation, 47, 389 
localization energies, 47, 397 
C-methylation, 47, 389 
rate profiles for H exchange, 47, 24, 27 
reaction with organometallics, 48, 36 
Quinolines, a-acetoxyethyl-, pyrolysis, 47, 
390 

Quinolines, alkoxy-, lithiation, 52, 246 
Quinolines, 2-alkyl-, synthesis using boron 
derivatives, 46, 156 

Quinolines, 3-allyl-, synthesis using boron 
derivatives, 46, 158 
Quinoline, 2-amino-3-benzoyl-, 52, 214 
Quinoline, 2-bromo-, from carbostyril, 49, 
133 

Quinolines, chloro- 
metalation by LDA, 52, 211,215 
synthesis from quinolinones, 49, 128 
Quinoline, 2-chloro-, 3-lithiation of, 52,215, 
216, 219 

Quinoline, 2,3- and 3,4-dibromo-, 
isomerization by KNH 2 , 52, 201 
Quinoline, 4-(dicyanomethylene)-l,4- 
dihydro- 1,2-dimethoxy-, 51, 146 
Quinoline, 3,4-dihydro-, reaction with 
dehydroacetic acid, 53, 62 
Quinoline, 3-dimethylaminocarbonyl- 
amino-, lithiation, 52, 230 
Quinoline, 2-ethoxy-, lithiation, 52, 254 
Quinolines, ethyl-, from quinolinylboron 
reagents, 46, 146 

Quinolines, fluoro-, lithiation by LDA, 52, 
194, 211 

Quinoline, 2-fluoro-, o-lithiation and 
substitution, 52, 193 

Quinoline, 3-fluoro-, reaction with BuLi, 52, 
193 


Quinolines, 2-halo-, condensation with 
anthranilic acid, 52, 79 
Quinoline, 3-hydroxy- 
halogenation, 47, 384 
nitration, 47, 372 

Quinoline, 4-hydroxy-l-(2-pyridyl)-, sulfuryl 
chloride chlorination, 52, 77 
Quinolines, nitro-, nitration, 47, 371 
Quinoline, 2-pivaloylamino-, lithiation, 52, 
230 

Quinoline, 3-pivaloylamino-, organo-Li 
addition, 52, 230 

Quinolines, 4,5,6,7-tetrahydro-, 2,3- 
disubstituted, 48, 197 
Quinoline 1-oxides 
halogenation, 47, 384 
nitration 47, 375, 376 
reaction with POCl 3 , 49, 134 
synthesis from HCN/2- 

nitrobenzylidenemalonates, 51, 163 
Quinoline 1-oxide, hydrogen-exchange, 
acid-catalyzed, 47, 365 
Quinoline 1-oxides, 2-azido-, thermolysis, 
51, 167 

Quinoline-3-boronic acid, 2-chloro-, 52,219, 
224 

Quinoline-3-carboxylic acid, l,2-dihydro-2- 
oxo-, 52, 215 

Quinoline-3-carbaldehyde, 1,2-dihydro-2- 
oxo-, 52, 216 

Quinoline-2,4( 1//.3W)-diones, 51, 145 
Quinolinium ion, 3-cyano-l-methoxy-, 
addition to 4-hydroxy-2-pyrone, 53, 41 
Quinolinium boronate betaines, 46, 161 
Quinolinones, hydrogen-exchange acid- 
catalyzed, 47, 363, 367 
Quinolin-2-ones, formation from pyrones 
and o-aminobenzaldehyde arylimine, 
53,60 

Quinolin-2-one, dimethylamination with 
HMPA, 49, 162 

Quinolin-2-one, 1,3-dihydroxy-, formation, 
51, 145 

Quinolin-2-one, 3-hydroxy-, 52, 219 
Quinolin-2-one, 4-methyl-, amination, 49, 
164 

Quinolin-4-one 

amination 

with dopamine, 49, 154 
intramolecular, 49, 158 
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nitration, 47, 372 

2-Quinolinone-6-carboxylic acid, 4- 
hydroxymethyl-, 53, 301 
Quinolizidines, 4-phenyl-, 49, 200 
Quinolizidin-2-one, 49, 201 
Quinolizinones 
halogenation, 47, 384 
nitration, 47, 373 
Quinolylboranes, 46, 145, 146 
O-Quinolyl carbamates 
anionic Fries rearrangements, 52,251,252 
lithiation, 52, 247, 256 
Quinones, anthraquinone aza-analogs, 52, 
263 

Quinone oxidation of 1,2,4-triazolines, 46, 
256 

Quino[2,l-h]quinazolines, 52, 79 
Quino[l,2-c]quinazolines, 52, 80 
Quinoxalines 

base-catalyzed hydrogen-exchange, 47, 
368 

nitration, 47, 377 
Quinoxalines derived from 2,3,4- 
furantriones, 53, 293 

Quinoxaline, 2,3-dichloro-, amination, 49, 
137 

Quinoxaline di-N-oxide, 2,3-dichloro-, 
condensation with 4-oxoquinazoline-2- 
thione, 52, 46 

Quinoxaline N-oxides, base-catalyzed 
hydrogen-exchange, 47, 368 
Quinoxalinones 
halogenation, 47, 386 
nitration, 47, 378 
sulfonation, 47, 388 
Quinoxalinones derived from 
dehydroascorbic acid, 53, 283 


R 

Radicals, derived from 
ascorbic acid 
on oxidation, 53, 237 
with amines, 53, 240 
with hydrazines, 53, 244 
1-hydroxyindoles, 51, 147 
1-hydroxypyrroles, 51, 112 
Radical anions from thianthrene oxides, esr 
spectra, 48, 325 


Radical nucleophilic substitution (S RNI ) 
reactions, 52, 222, 235 
Radical reactions, involving pyridine-2- 
thiones, 48, 48, 50 
Radicins, pyrone derivatives, 53, 25 
Radioprotective pyridazinones, 49, 437 
Raman spectra of pyridazines, 49, 427 
Raney nickel 

cleavage of 2,2'-biindazole, 53, 156 
desulfurization of 

4.5- diamino-l,2,4-triazine-3-thione, 53, 

129 

fused thiazolin-4-ones, 49, 51, 91 
hydrogenolysis of N-N bonds, 46, 13 
reduction of 

1,3-thiazinethiones, 50, 122 
1,2,4-triazolinethiones, 46, 233 
Rankinidine (alkaloid), 51, 153 
Rate profiles, in proton exchange studies, 
47, 17 

Rate profile for 

detritiation of naphthalene, 47, 19 
deuteriation, of 
4-aminopyridine, 47, 21 

3.5- dimethylpyridine-l-oxide, 47, 24 
1 -hydroxy-2,6-dimethy 1-4-py ridone, 

47,23 

hydrogen exchange in 2-pyridone, 47, 22 
multiply protonated species, 47, 20 
nitration 

at high acidity, 47, 47 
modified, 47, 51 
Moodie-Schofield plots, 47, 49 
types of, 47, 47, 53 
singly protonated species, 47, 20 
RDX (hexahydro-l,3,5-trinitro-l,3,5- 
triazine), 50, 56 

Reactive species, criteria for identification 
in nitration, 47, 46 
in proton exchange, 47, 17 
Reactivity, of 

amines as nucleophiles, 49, 120 
N-heterocycles towards nucleophiles, 49, 
119 

heterocyclic six-membered rings, 
calculation of, 47, 393 
Reactivity patterns 
in electrophilic substitution 
of azoles, 47, 141 

of benzo[h]-fused monoheterocycles, 
47, 182 
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in polycyclic systems, 47, 182, 239, 359 
Reactivity-selectivity principle, 47, 150 
Reactivity values (o- constants) of azines, 47, 
325 

Reactivity values (o- + ), in 
azoles, 47, 175 

five-membered heterocycles, 47, 129 

1-hydroxypyridinium ions, 47, 322 
pyridines, 47, 318 
pyridine-l-oxides, 47, 321 
pyridinium ions, 47, 320 
pyrylium ions, 47, 322 
thiopyrylium ions, 47, 322 
Rearrangement, of 

O-acetylhydroxylamino-hydrazones, 46, 
196 

1- acylaminotetrazoles to 2-acylamino- 

1.3.4- oxadiazoles, 53, 163 
alkoxy-azines to N-alkylazinones, 49, 140 

2- amino-l-anilino-4-phenylimidazole, in 

acid, 53, 160 

3- aminomethylenepyran-2,4-dione into 4- 

pyridone, 53, 60 

4- amino-1,2,4-triazole derivatives, 53, 210 
anthranilopapaverine, 52, 82 

3- arylazo-2-pyrones into 1-arylpyridazin- 

4-ones, 53, 63 

4- (l-aziridinyl)quinazolines to 

dihydroimidazo[l,2-c]quinazolines, 
52, 31 

1 H to 2//-azirine, 52, 12 
benzimidazolium /V-carboxyimines, 53, 
160 

1,5-benzodiazocine to indole, 46, 47 
benzo[c]pyry!ium salts 
to a-naphthols, 50, 192, 193, 206, 209 
to /3-naphthols, 50, 191, 211 
a bishomo-cycloheptathiophenone, 51, 

21 

4-carboxy-l,3-thiazin-6-ones to 2- 
thiazolines, 50, 137 
2-chloromethylquinazoline 3-oxides to 

1.4.5- benzotriazocines, 50, 48, 54 
cyanopyrroline, fused, to pyridinimine, 

46, 222, 260 

dehydroascorbic acid bisphenylhydrazone 
to phenylpyrazolinedione 
phenylhydrazone, 53, 251, 255, 275 
a l,9-diazabicyclo[4.2.1]nona-4,7~dien-3- 
one, 49, 430 


dibenzo[6/][l ,5]diazocine-5,10-dione to 
dibenzo[6,g][l,5]diazocine-5,7- 
dione, 46, 52 

3.4- dihydro-1,5-benzodiazocines to 
quinazolines, 46, 54 

3.4- dihydro-2-hydroxyIamino-1,4,5- 
benzotriazepines, 50, 54 

dihydroisoquino-[2,3-a]- to [3,2-6]- 
quinazoline, 52, 83 

1.4- dihydropyrido[2,l-c][l,2,4]triazinium 
to 1 -aminoimidazof 1,2-a] pyridinium 
salts, 53, 106 

dihydro-1,2,4,5-tetrazines to amino-1,2,4- 
triazoles, 53, 124, 126 
6,7-dihydro-5//-l,2,4-triazolo[3,4-6][l,3]- 
thiazines, 49, 345 

5-hydrazinoisoxazoIes to l-amino-5- 
pyrazolinones, 53, 90 

5-hydrazinotetrazoles to 1,5-diamino- 
tetrazoles, 53, 141 

5-hydrazino-1,2,3-triazole to 1,5-diamino- 

1.2.3- triazole, 53, 117 
isoquinolinium salts to a-naphthylamines, 

50, 209 

N-methylperhydropy razolof 1,2-a]pyrid- 
azinium ion to bridged perhydro-1,3- 
diazepine, 49, 197 

phenyl-azomethinimine, N-»C, 51, 70 
pyrazolinone to pyrazole, 48, 252 
pyridine nitramines, 47, 296 
quinazolino[l,2-c][l,2,3]benzotriazin-13- 
one, 52, 107 

spiro-indoline-3-2'-pyrrole to dihydro- 
pyrrolo[l,2-c]quinazoline, 52, 15 

1,3-thiazines, 50, 149 
thiazolo[2,3-6][l,3,4]thiadiazinium ion to 
pyrazolo[5,1 -6]thiazole-7-thiol, 53, 200 
O-vinyl oximes, 51, 254 
Rearrangements 
acid-catalyzed, of 

benzoylated /3-cyano-dithioacrylates to 

1,3-thiazines, 50, 100 
2-oximino-l,3-thiazine to isothiazole, 
50, 102 

amazing, of a fused thiophene, 51, 21 
anionic Fries, in pyridyl and quinolyl 
carbamates, 52, 245, 251, 252 
base-catalyzed, of 2- 

phenacylisothiazolium salts to 2H- 

1.3- thiazines, 50, 101 
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Dimroth, forming alkylaminoazines, 49, 
178 

Dimroth, of 

4-amino-1-alky 1-1,2,4-triazoles, 53, 205, 
209, 210 

4- amino-l-methyl-1,2,4-triazole, 53, 

205, 209, 210 

1- aryl-5-hydrazinotetrazoles, 53, 141 

2- hydrazino-thiazoles, 53, 143, 144 

5- hydrazino-l,2,3-triazoles, 53, 118 
2-methylamino-6//-1,3-thiazine-5- 

carboxylic ester, 50, 147 
5-methyl[ 1,2,4]oxadiazolo[2,3-c]- 
quinazolin-2-one, 52, 63 

4- phenyl-l ,3-thiazin-2-imine, 50, 128 
quinazolino-1,2,3-benzotriazines, 52, 

107 

[ 1,2,4]triazolo[3,4-6]quinazolin-5-ones, 
52, 56 

1,2,4-triazolo[4,3-6][l ,2,4]triazines, 49, 
351 

photochemical, of 

fluoropyridazines to fluoropyrimidines, 
49, 422 

hydrazino-isoxazolo-pyridine to 

1-aminopyrazolo-pyridone, 53, 96 
indoline-spiro-isoxazolines, 46, 18 
octahydro-11 -oxidopyrido[ 1,2-6]- 
cinnolinium betaine, 52, 76 
reductive, of l-acyl-3-arylazoindoles, 

52, 17 

Sommelet-Hauser, of A'-aminated 
nicotine. 50, 7 
thermal, of 

5- acyI-4-hydroxy-2-pyrones, 53, 69 

5-( N' ,N '-dimethylhydrazino)-3-phenyl- 

1,2.4-oxadiazole to 1- 
dimethylamino-3-phenyl-l ,2,4- 
triazolinone, 53, 132 
Wolff, of tetrahydro-2-diazopyrazolo- 
[1.2-o]pyridazine-l,3-dione, 49, 197 
Reduction, of 
amides to amines. 46, 2, 7 
naphthalic acid by zinc. 51, 61 
1,3-thiazines, 50, 121 
see also the various reducing agents 
Reduction potentials of pyridazinones, 
Hammett correlation, 49, 420 
Reflexin, hydroxylated butanolide, 53, 272 
Regiochemistry of ketoxime pyrrolization, 
51, 244 


Regioselectivity of H/D exchange of oximes 
in base, 51, 284 

Reissert analogs in benzo[c]pyrylium series, 
50, 186 

Renal vasodilators, 3(2//)-isoquinolinones, 

52, 178 

Reserpine antagonists, condensed 4-thiazo- 
lidinones, 49, 105 

Resin hardeners, 1,3-diazocines, 50, 45 
Resorcinols, formation from 2-pyrones, 

53, 64 

Respiratory stimulants, [1,2,4]triazolo- 
[4,3-a][l]benzazepines, 49, 363 
Retro-Diels-Alder reaction, of munchnone 
cycloadduct, 46, 261 
Reumicine, 53, 176 
Reverse aldol reactions of /3-hydroxy- 
ketoximes, 51, 240 

Rhenium(I) thianthrene complex, 48, 363 
Rheumatoid arthritis suppressants 
fused 1,2,4-triazoles, 49, 280, 337 

1.2.4- triazolo-pyrimidines and analogs, 
49, 337 

Rhodiacyclopentadiene, tetraethoxy- 
carbonyl-, complex, as catalyst in 
co-condensations, 48, 202 
Rhodium complexes 
catalysts for pyridine synthesis, 48, 182 
with pyridazines, 49, 431, 432 
Ribosides, pyridazinone, 49, 408, 411, 429, 
430 

Rifamycin S, perhydropyrrolo[l,2-a]- 
pyrazine derivatives, 49, 243 
Ring-chain tautomerism, in 
alkylideneamidrazones, 46, 173 
alkylideneamidrazonium salts, 46, 187 
azido-tetrazole, in pyrazoles, 48, 286 
dehydroascorbic acid, 53, 238 
fused tetrahydroquinazoline, 46, 229 
sulfoformamidinium betaines, 46, 190, 235 

1.2.4- triazolines, NMR study, 46, 239 
Ring cleavage, oxidative, of 1,2,4- 

triazolines, 46, 264 
Ring contractions, of 
1,5-benzodiazocines to 1,5-benzo¬ 
diazepines, 46, 52 
1,2-diazocines, 50, 23 
Ring enlargement, oxidative, of N- 
aminoazoles, 53, 170 
Ring-opening of 1,3-thiazines, on 
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aminolysis, SO, 13S, 136 
hydrolysis, 50, 130, 132, 134 
reduction, 50, 121, 126, 128 
Ring-opening-recyclization of metalated 
pyridine, 52, 265 
Ritter reaction, 

and rearrangement of 2-carboxypyridine- 
1-oxide, 49, 175 

modified, in isoquinoline synthesis, 50,165 
Roquefortine (mould alkaloid), 51, 152 
Rosellisins, pyrone derivs, structure, 
biosynthesis, 53, 25 

Rotational barriers in amidines, 49, 427 
Rubiazonic acid, N,/V'-diphenyl 
bis(trihydroxypropyl)-, 53, 283 
Ruthenium, complex with 
pyridazines, 49, 431, 432 
thianthrene, 48, 362 


S 

Saccharin, action of PCI 5 on, 50, 258 
Saccharin chloride, see 1,2-Benzisothiazole 
1,1-dioxide, 3-chloro- 

Salt effects, in exchange rate measurements, 
47, 30 

Sandmeyer reaction 
in diazo-1,2,4-triazoles, 48, 141, 142 
with 3-aminopyridines, 52, 226 
Schiff bases 

amination to amidines, 53, 166 
nitrilimine cycloaddition to, 46, 199 
oxidative cyclization of o-amino-, 53, 193 
reduction in aminoazole series, 53, 162 
Schiff bases of /V-aminoazoles, 53, 156, 162, 
164 

Schmidt reaction, with 
acenaphthen-l-one, 51, 57 

2.3- dihydrophenalen-l-one, 51, 81 
2-indanone, 52, 171 

Schmidt rearrangement of 
cyclohexanediones, 46, 11 
Secocitreoviridin, pyrone derivative, mass 
spectrum, 53, 11 
Sedamine (alkaloid), 49, 202 
Sedatives 

1,5-benzodiazocines, 46, 60 

1.3- diazocines, 50, 32, 37 
dibenzotriazocinone, 50, 56 


1.4- dihydro-3(277 )-isoquinolinones, 1,4- 
bridged, 52, 179 

pyridazines, 49, 435 
1,3-thiazines, 50, 150 
4-thiazolidinones, condensed, 49, 105 
thiazolo-quinazolines, 52, 50 

1.2.4- triazolo-benzodiazepines, 49, 367 
[ 1,3,4]Selenadiazolo[3,2-o]quinazolin-5- 

ones, 52, 64 

Selenazoles, nitration, 47, 157 
Selenium dioxide oxidation of alkyl pyrones, 
53, 11, 49, 50 

Selenocyanation of indole, 47, 70, 209 
Selenolo[2,3-6] and [3,2-6][l]benzo- 

thiophene, electrophilic substitution, 
47, 258 

Selenolo[2,3-6]furan, acylation, 47, 271 
Selenolo[3,2-c]isoxazole, electrophilic 
substitution, 47, 268 

Selenolo[2,3-6]pyrrole, acylation, 47, 271 
Selenolo[2,3-b]thiophene 
acylation, 47, 271 
lithiation, 47, 271 

Selenolo[2,3-c]thiophene, acylation, 47, 271 
Selenophenes 

acid-catalyzed hydrogen exchange, 47, 90 
acylation, 47, 109, 131 
halogenation, 47, 98 
lithiation, 47, 120 
protiodemercuriation, 47, 120 
Selenophenes, a-acetoxyethy!-, pyrolysis, 
47, 124 

Selenoxanthylium salts, 9-phenyl-, nitration, 
47, 380 

Semicarbazide, condensation with 3,1- 
benzoxazin-4-ones, 52, 58 
Semiconductors, polypyridazines, 49, 432 
Sesbanine (2,7-naphthyridine alkaloid), 52, 
291 

Sesquicillin, pyrone derivative, structure, 
53, 25 

Silane, triethyl-, reduction of 1,3-thiazines 
by, 50, 124 

Silver(I), complexes with 
azo compounds, 50, 18 
thianthrene, 48, 307, 361 
pyridazines, 49, 432 

Silver halide emulsion stabilization, 50, 151 
Silylation-amination, 49, 123, 124, 150 
Silyloxy groups, as leaving groups in 
nucleophilic substitution, 49, 145 
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Single electron transfer (SET) mechanism in 
3-chloropyridine dimerization, 52, 203 
Skimmianine (furoquinoline alkaloid), 52, 
287 

Smiles rearrangement, in N-/3-hydroxyethyl- 
sulfonamides, 48, 41 

Smoluchowski encounter-rate equation, 47, 
19, 54 

Smooth muscle reiaxants, fused 1,2,4- 
triazoles, 49, 280 

Sodium in liquid ammonia, reduction of 1,3- 
thiazines, 50, 121 

Sodium borohydride, reduction of 
dibenzo[6/][l,5]diazocines, 46, 54 
1,2,4-triazolium salts, 46, 226 
Sodium cyanoborohydride, 
reduction of 1,3-thiazines by, 50, 126 
reductive methylation using, 46, 40 
Solanopyrones 

structure, biosynthesis, 53, 25 
synthesis, 53, 25, 53 
Solenopsin A, synthesis 49, 233 
Solvents, effects of/influence on 
formation of pyrroles from oximes, 51,192 
nitration, 47, 41 

nucleophilic displacements, 49, 123 
tautomerism, of 
1-hydroxyindoles, 51, 123 
3-isoquinolinones, 52, 158 
Solvolysis of a-haloalkyl heterocycles, 47, 
77, 80, 173, 177, 212, 313 
Sommelet-Hauser rearrangement of N'- 
aminated nicotine, 50, 7 
Spasmolytic l-amino-5-alkoxypyrazoles, 53, 
213 

Spin-labeling with pyrrolyl-l-oxyl radicals, 
51, 112 

Spiro-adducts from diazo-azoles, 48, 145 
Spiro-ammonium salts, 46, 21 
Spiro-pyridazines, ring-chain tautomerism, 
49, 426 

3-Spiro-l,2,4-triazolines, 46, 203, 204 
Standard conditions, for 
hydrogen exchange, 47, 29, 34 
nitration, 47, 56, 58 
Stereochemistry of 
hexahydro-l,2-diazocines, 50, 17 
hexahydropyrazolo[ 1,2-a]pyridazine, 49, 
198 

ligand coupling at sulfur, 48, 9 


Steric effects, in/on 
acylation, 47, 106, 112 
amidrazone cyclization, 46, 189 
hydrogen exchange 
acid-catalyzed, 47, 12 
base-catalyzed, 47, 36 
nitration of phenylpyrazoles, 47, 161 
plumbylation, 47, 116 
resonance acceleration of nitration of 
pyridines, 47, 295 
sulfonation, 47, 68 

Steroids, bis-homo-, cyclic hydrazones, 50, 
15, 25 

Steroid analogs, fused thiazolidinones, 49, 
75,93 

Stilbazoles, synthesis from sulfoxides, 48,10 
Stimulants of CNS, of respiration, fused 
1,2,4-triazoles, 49, 280 
Strain effects in benzo-fused rings, 47, 248 
Streptonigrin component synthesis, 52, 237 
Styrene, /3-dimethylamino-o-nitro-, 
reduction, 51, 159 
Substituent effects 

sensitivity of reactivity of five-membered 
rings to, 47, 132 
transmission of, 47, 177, 314 
Substitution, ANRORC, in 3-halopyrid- 
azines, 49, 417 

Substitution, S RN 1, in pyridazines, 49, 419 
Substitution, ipso-, of anisyl group, 50, 175 
Substitution, photosensitised, in arenes, 48, 
91, 99 

Succinic anhydride, reaction with 
phenylhydrazine, 49, 387 
Succinic hydrazides, structure, 49, 429 
A-Sulfiny (sulfonamides, reaction with N- 
arylamidines, 50, 280 

Sulfamic acid, in conversion of diazo group 
to amino, 48, 141 

Sulfene (thioformaldehyde dioxide), 

cycloaddition to 1,3-diaza-diene, 50,267 
Suifenic acids, heterocyclic, 48, 35 
Sulfenylation 

general description, 47, 70 
of 2-pyridinone, 47, 310 
\H, 1 '//-Spiro-bi-4-pyridazine. 49, 394 
Sulfoacetic acid, cyclizations forming 1,2,4- 
thiadiazine dioxides, 50, 263 
Sulfoformamidinium betaines, ring-chain 
tautomerism in, 46, 190, 235 
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Sulfonation, general description, 47, 68 
Sulfonation, of 
acridizinium ion, 47, 388 
benzo[b]-furans, -thiophenes, 47, 210 

1- benzopyran-2- and 4-ones, 47, 389 
dibenzo-fused five-membered 

heterocycles, 47, 247 
isoquinolines, 47, 388 
1,10-phenanthroline, 47, 389 
phenazine, 47, 389 

2- phenyl-1,3-thiazine-4,6-dione, 50, 142 
quinolines, 47, 388 
quinoxalinones, 47, 388 
thiophenes, 47, 116 

Sulfones, azinyl-, aminolysis, 49, 172 
Sulfones, heterocyclic (review), 48, 1 
Sulfonium ylides, pyronylmethyl, 
rearrangements, 53, 48 
Sulfonylhydrazides, cyclic, 50, 257 
Sulfonyloxy heterocycles, amination, 49, 
159 

Sulfotriazolinium betaines 
oxidation and aromatization of 46, 256 
ring-chain tautomerism in 46, 190, 235 
Sulfoxides 

heterocyclic (review), 48, 1 
oxygen exchange in. 48, 5 
Sulfoxides, diaryl, acid anhydride-induced 
racemization and oxygen exchange, 

48,5 

Sulfoxonium ylids, pyridazine, 49, 412 
Sulfuranes, heterocyclic 
ligand coupling in, 48, 6 
ligand exchange in (review), 48, 1 
Sulfur 

exchange in thianthrene, 48, 353 
extrusion from 

2.1.4- benzothiadiazines, 50, 299 
didehydronaphtho[ 1,8-hc]thiopyrans, 

51, 64 

3,6-epithio-2-pyridones, 49, 81, 84, 86 
phenacylthio-pyridazines, 49, 419 

1.3.4- thiadiazines, fused, 48, 228, 262 
1,3-thiazines, 50, 148 

valence-shell expansion of, 48, 1 
Sulfur bacteria, action on thianthrene, 48, 
328 

Sulfur-bridged cyclophane, tetraethoxy-, 48, 
369 

Sulfur dioxide extrusion from 4-oxo-2,l,3- 
benzothiadiazine 2,2-dioxide, 50, 311 


Sulfur tetrafluoride, structure, 48, 3 
Sulfuric acid, solvent for H exchange, 47, 11 
Sulfurous acid adducts of 1,2,4-triazines, 
46, 93 

Sulfuryl chloride chlorination of 4-hydroxy- 
l-(2-pyridyl)-quinoline, 52, 77 
Superbases, as catalysts for oxime 
pyrrolization, 51, 181, 184 
Sus-Moller ring contraction, of 
cyclic diazo-ketones, 48, 261, 262 
l-diazonaphtho[l,2,3-de]quinoline-2,7- 
dione, 51, 39 

a fused diazo-pyridazinone, 49, 286 
Sweetening agents, 1,2,4-triazoles, 53, 213 
Sydnones, 3-amino-, 53, 145 
Sydnones, 3-aryl-, nitration, 47, 164 
Sydnone, proline, cycloaddition to 
acetylenes, 48, 271 
Synergism in base action, 51, 182 
Synthesis of peri-annelated heterocycles 
(review), 51, 1 


T 

Tantalum, complexes with pyridazines, 49, 
432 

TAT (tetraacetyl-l,3,5,7-tetrazocane), 50, 
58, 61 

Taurinamide, heterocycles from, 50,264,267 
Taurine antagonists, 50, 296 
Taurolidine 

NMR spectrum, 50, 285 
structure and uses, 50, 267 
Taurultam 

NMR spectrum, 50, 285 
structure and uses, 50, 267 
Tautomerism, anionotropic, naphthaloyl 
chloride/dichloronaphthalide, 51, 62 
Tautomerism, azo-hydrazone 46, 182; 53, 
249, 259 

spectral evidence concerning, 49, 88, 90, 
100 

Tautomerism, photochemical valence, 
epoxy-indenones and 
benzo[c]pyrylium-4-oxides, 50, 162,222 
Tautomerism, prototropic, of 
2-alkyl-1,3-thiazin-4-ones, 50, 100 
2-amino-4-arylamino-1,3,5-triazocine, 

50, 52 
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2-amino-4//and 6/J-l ,3-thiazines, 50,110, 

112, 120 

2-amino-1,3-thiazin-4-ones, 50, 93, 113 

1,2,4-benzothiadiazine 1,1-dioxides, 50,285 
dehydroascorbic acid a-monohydrazones, 
53, 249 

dihydropyridazines, 49, 425 
hydrazinopyridazines, 49, 426 
hydrazones, 46, 182; 49, 88, 100 
4-hydroxypyridazin-3-ones, 49, 429 

1- hydroxyindoles, 51, 119, 123 
3(2//)-isoquinolinones, 52, 157 

2- mercapto-6//-l ,3-thiazines, 50, 109 

3- methylpyridazines, substituted, 49, 425 
2-phenyl-5-nitro-l,3-thiazine-4,6-dione, 

50, 114 

2-phenyl-5-phenylazo-l,3-thiazine-4,6- 
dione, 50, 111 
pyrazoles, fused, 48, 283 
pyridazinethiols/thiones, 49, 426, 427 
pyridazinyl /3-ketoesters, 49, 426 
pyridinethiols/thiones, 48, 43 
Tautomerism, ring-chain, of 
amidrazones, 46, 173, 182 
azido-quinazolines, 52, 68 
dehydroascorbic acid 

bisphenylhydrazone, 53, 259 
dichloronaphthalide, 51, 62 
peri-hydroxynaphthaldehydes, ketones, 

51, 10 

octahydroimidazo[ 1,5-a]pyridines, 49,208 
spiro-pyridazines, 49, 426 
tetrazolo-azines, 52, 68 
Tellurophene, Vilsmeier-Haack 
formylation, 47, 131 

Tellurophenes, a-acetoxyethyi-, pyrolysis, 
47, 124 

Terpyridines, synthesis, 46, 149 

1.3.5.7- Tetraazabicyclo[3.3.1]nonanes 

3.7- diacetyl (DAPT), 50, 58 

3.7- dinitro (DPT), 50, 58 

3.7- dipropionyl, 50, 59 

1.3.4.7- Tetraazacycl[3.3.3]azine, 9- 
ethoxycarbonyl-2-methyl-, 
bromination, 47, 387 

1,5,9,13-Tetraazatricy clo[9.5.1.1 3 ' 9 ]- 
octadecane, 3,11-dimethyl-, 46, 50 
Tetracetic acid lactone, occurrence, 53, 21 
12/J,25/J-Tetrabenzo[c,g,c', g'][l,2,4,5]- 
tetrazolo[ 1,2-a,-4,5-a'] di[ 1,2]diazocine, 
5,6,18,19-tetrahydro-, 50, 21 


Tetracyanoethylene, reaction with 3-diazo- 
pyrazoles, 48, 241 
Tetrahydroborate, see Borohydride 
Tetralin, 5-benzamido-, base cyclization, 51,31 
Tetralin, 5-isocyano-, base cyclization, 51,31 
a-Tetralones, formation from 

benzo[c]pyrylium salts, 50, 208, 212 
5,7,12,14-Tetrathiapentacene, structure, 48, 
305 

Tetrazanes in oxidative deamination, 53,171 
Tetrazenes, 48, 137, 143 
[l,2,4,5]Tetrazepino[3,2-i]quinazolines, 52, 
124 

[ 1,2,4,6]Tetrazepino[ 1,7-c]quinazoline s, 52, 
124 

1.2.3.4- Tetrazines, fused, 53, 180 

1.2.3.5- Tetrazines, pyrazolo-fused, 48, 250 

1.2.4.5- Tetrazines, cycloadditions, 49, 392, 
395, 397; 50, 46 

to pyrazolines, 48, 245 

1.2.4.5- Tetrazines, 3-amino-, formation from 
azido-triazoles, 53, 174 

1.2.4.5- Tetrazine, diamino-, fluorination, 46, 
234 

1.2.4.5- Tetrazines, 3,6-diaryl-, reaction with 
alkylamides, 49, 401 

1,2,4,5-Tetrazines, di- and tetrahydro-, 
faulty structures, 53, 121,131,133, 135, 
136 

1.2.4.5- Tetrazines, 1,2-dihydro-, structure 
and synthesis problem, 53, 122 

1.2.4.5- Tetrazine, 1,4-dihydro-1,4- 
bistrimethylsilyl-, formation, 
rearrangement, 53, 127 

1,2,4,5-Tetrazine, 3,6-diphenyl-, reaction 
with cyclobutanone, 50, 7 

1,2,4,5-Tetrazine, 3,6-di(2-pyridy 1)-, 
cycloaddition of benzazete, 50, 46 

1.2.4.5- Tetrazine, phenyl-, oxidative 
alkylamination, 49, 182 

1.2.4.5- Tetrazines, fused tetrahydro-, from 
o-(N)-aminohydrazines, 53, 193 

1.2.4.5- Tetrazine-3,6-dicarboxylic ester, 
reaction with anilines, 48, 249 

1.2.4.5- Tetrazine-3-thiones, tetrahydro-, 
condensation with chloracetic ester, 49, 
29,30 

1.2.4.5- Tetrazino[l,6-c]quinazolines,52,116 

1.2.5.6- Tetrazocane, 50, 67 

1.3.5.7- Tetrazocane, 7-azidomethyl-1,3,5- 
trinitro-, 50, 59, 62 
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1,3,5,7-Tetrazocane, 3,7-diacetyl-1,5- 
dinitro- (DADN), 50, 60 

1,3,5,7-Tetrazocane, 3,7-diacetyl-l-nitro-5- 
nitroso- (DANNO), 50, 59 

1,3,5,7-Tetrazocane, tetra-N-acetyl- (TAT) 
basicity, 50, 61 
crystal structure, 50, 61 
synthesis, 50, 56 

1,3,5,7-Tetrazocane, 1,3,5,7- 

tetrakis(trifluoromethylthio)-, 50, 61 

1,3,5,7-Tetrazocane, 2,4,6,8-tetramethyl-, 
50, 63 

1.3.5.7- Tetrazocane, tetra-N-nitro- (HMX) 
MO calculations, 50, 61 
polymorphism, 50, 61 

spectra, 50, 62 

structure and synthesis, 50, 58 
thermolysis, 50, 62 
Tetrazocines (review), 50, 56 
Tetrazocines, octahydro-, see Tetrazocanes 
1,2,4,5-Tetrazocine, 1,2,3,6-tetrahydro-6,8- 
dinitro-2,4-diphenyl-, 50, 65 

1.3.5.7- Tetrazocines, 50, 56 

1.3.5.7- Tetrazocine, 4,8-dialkyl-2,6- 
diethoxy-, 50, 64 

1.3.5.7- Tetrazocin-2-one, hexahydro- 

1,3,5,7-tetramethyl- 

ring contraction to 1,3,5-triazinone, 50,63 
synthesis, 50, 62 
Tetrazoles 
N-amination, 53, 141 
base-catalyzed H exchange, 47, 150, 153 
lithiation, 47, 173 

reaction with a-chloroazines, 49,292, 313, 
317, 335, 358 

Tetrazole, synthesis from aminotetrazole, 
48, 144 

Tetrazoles, N-amino-, 53, 139 
Tetrazoles, 1-amino-, rearrangement to 
2-acylamino-l,3,4-oxadiazoles, 53, 163 
Tetrazole, 1-amino-, 53, 140 
Tetrazoles, 2-amino-, 53, 141 
Tetrazole, 5-amino- 
deamination, 48, 144 
sulfonylation and ring-opening, 50, 272 
2/7-Tetrazole, 2-amino-5-phenyl-, 
cycloaddition to, 53, 90 
Tetrazole, 1,5-diamino- 
acylation, 53, 163 
proton NMR, 53, 153 


synthesis, 53, 140 
Tetrazole, 5-diazo- 
basicity, 48, 85 
infrared spectra, 48, 76 
instability of, 48, 76 
interaction with enzymes, 48, 163 
synthesis, 48, 160 
ultraviolet spectra, 48, 72 
Tetrazole, 5-methyl-, reaction with 
saccharin chloride, 49, 292 
Tetrazole, 5-phenyl-, thermolysis, 53, 127 
Tetrazole, 5-phenyl-2-trimethylsily!-, 
thermolysis, 53, 126 
Tetrazoles, 1-tosylamino-, 53, 163 
Tetrazolo-fused rings, ring-chain 
tautomerism, 52, 68 

Tetrazolo[5,l-c][l,2,4]benzothiadiazine 5,5- 
dioxide, 4-methyl-, 50, 294, 296 
Tetrazolo[l,5-a]quinazolines, 52, 67 
Tetrazolo[l,5-c]quinazolines, 52, 69 
Tetrazolo[5,l-6]quinazolin-9-ones, 52, 69 
Tetronic acids, pyrazoline-3,4-dione 
monohydrazones from, 53, 277 
Tetronic acid, reaction with 
benzenediazonium ion, 53, 246 
nitrous acid, 53, 246 
Tetronic acid, a-bromo- 
hydrolysis, 53, 236 

reaction with benzenediazonium ion, 53, 
246 

synthesis, 53, 236 
Tetronic acids, 2-ethoxycarbonyl- 
reaction with benzenediazonium salt, 53, 
246 

synthesis, 53, 246 
Thalliation of l-methoxyindole-3- 
carbaldehyde, 51, 139 
Theobromine, N-amination, 53, 109 
Theophylline, 7- and 9-amino- 
basicities, 53, 149 
electrochemical oxidation, 53, 150 
spectra 

infrared, 53, 151 
NMR, 53, 152 
Theophylline, 7-amino- 
acylation, 53, 163 
alkylation, 53, 162 
oxidative ring expansion, 53, 177 
Schiff bases from, 53, 164 
Theophylline, 6,7-diamino-, reaction in 
acids, 53, 196 



CUMULATIVE SUBJECT INDEX 


413 


Theophylline, 7- and 9-methyl-, basicities, 
53, 149 

Theoretical calculations, on 
acetylene-base interaction, 51, 182, 190 

1-acylamino-l,2,3-triazoles, 53, 147 
N-aminoazole conformation, 53, 147 
benzo[c]pyrylium ions, NMR, 50,241,244 
N,N'-biazolyls, 53, 147 

1.2- diaminobenzimidazole, 53, 147 

1.2- diaminoimidazole, 53, 147 
diazocines, 46, 42 

NSN systems, 50, 308 
proton affinities of aminoazoles, 53, 149 
pyridazines, 49, 424 
reactivity, of 
azines, 47, 393 
azoles, 47, 178 
superbasic media, 51, 196 

1,2,4-triazines, (CNDO/2), 46, 76 
see also Molecular orbital calculations 
Theoretical calculations of reactivity (cr + ), in 

1- hydroxypyridinium ions, 47, 322 
pyridines, 47, 318 

pyridine 1-oxides, 47, 321 
pyridinium ions, 47, 320 

2- pyridinones, 47, 322 
six-membered ring reactivity, 47, 393 

Thermochemical data for thianthrene, 48, 
326 

Thermodynamic parameters in nitration, 

47, 55 

Thermogravimetric analysis of 1,2,4- 
triazolines, 46, 254 
Thermolysis 

of l-arylazo-8-azidonaphthalene, 51, 42 
of 1,8-diazidonaphthalene, 51, 41 
of 1,2-diazocines, 50, 23 
of l-nitro-8-azidonaphthalene, 51, 42 

7- Thia-2-azabicyclo[2.2.1 ]heptan-3-ones, 

49, 80 

8- Thia-6-azabicyclo[3.2.1]oct-2-ene-4,7- 

diones, 49, 78, 89 

1X 4 -1,2,5-Thiadiazepine 1-oxide, 4,5- 
dihydro-4-oxo-l,6-diphenyl-, 50, 291 
Thiadiazines, nomenclature, 50, 256 
Thiadiazines with adjacent S and N (review), 

50, 254 

1.2.3- Thiadiazines, monocyclic, 50, 258 
2//-1,2,3-Thiadiazines, fused, 50, 260 

1.2.4- Thiadiazines 


applications, 50, 295 
literature, 50, 262 
spectra, 50, 283 
synthesis, 50, 263 

1,2,4-Thiadiazine cyclic ylids, 50, 265 

1,2,4-Thiadiazine 1,1-dioxides, 50, 264 

1,2,4-Thiadiazine 1,1-dioxides, 5,6-dihydro-, 
50, 268 

1,2,4-Thiadiazine 1,1-dioxides, 5,6-dihydro- 

3-methylthio-, 50, 264 

1.2.4- Thiadiazine S-imines, 50, 281 
U 6 -1,2,4-Thiadiazine 1-oxides, 1-phenyl- 

alkylation, 50, 287 
synthesis, 50, 266 

1.2.5- Thiadiazines 
reactivity, 50, 299 
structure, 50, 299 
synthesis, 50, 297 

1.2.6- Thiadiazines 
reactivity, 50, 311 
spectra, 50, 310 
structure, 50, 309 
synthesis, 50, 300 

3//-l\ 4 -l,2,6-Thiadiazine, 4,5-dihydro- 
infrared spectrum, 50, 311 
photoelectron spectrum, 50, 310 
stability, 50, 311 
synthesis, 50, 302 

4//-l,2,6-Thiadiazine, tetrachloro-, 50, 301 
2H- 1,2,6-Thiadiazine, 3,4,5,6- 

tetrahydro-2,6-bis(methanesulfonyl)-, 
50, 305 

2//-l,2,6-Thiadiazine, 3,4,5,6- 

tetrahydro-2,6-bis(piperidinosulfenyl)-, 
50, 301 

1.2.6- Thiadiazine 1,1-dioxides, 50, 299 
2//-l,2,6-Thiadiazine 1-oxides, 50, 300 
6//-1,3,4-Thiadiazine, 2-amino-5-methyl-, 

53, 143 

6 H- 1,3,4-Thiadiazine, 2-hydrazino-5- 
methyl-, 53, 143 

1.3.4- Thiadiazines, fused 
synthesis, 53, 199 

sulfur extrusion, 48, 228, 262 
2//-l,3,4-Thiadiazine 1-oxides, 3,6-dihydro-, 
50, 258 

1 \ 4 -l ,2,6-Thiadiazine-4-carbonitriles, 3- 
amino-l-benzyl-, 50, 303 

1.2.5- Thiadiazine-4,6-diimines, 50, 297 
l,2,4-Thiadiazine-3,5-dione 1,1-dioxide, 50, 

263 
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1X 6 -1,2,6-Thiadiazine-3,5-diones, 1,1- 
dialkyl- 

infrared spectra, SO, 311 
synthesis, 50, 301, 302 

l,2,5-Thiadiazine-6-thiones, tetrahydro-, 50, 
297 

1.2.4- Thiadiazin-3-one 1,1-dioxide, 5,6- 
dihydro-, 50, 264, 267 

3/7-1X 6 -1,2,6-Thiadiazin-3-ones, 1,1- 
dialkyl-, 50, 303, 304 

1X 6 -1,2,6-Thiadiazin-3-one, 1,1-dialkyl-, 
fused, 50, 306 

1X 4 -1,2,6-Thiadiazin-3(2//)-one, 4-cyano-, 
SO, 303 

4//-1,2,6-Thiadiazin-4-one, 3,5-dichloro- 
reactivity with nucleophiles, 50, 312 
synthesis, 50, 301 
x-ray crystallography, 50, 309 

1.3.4- Thiadiazin-6-one, 2-dimethylamino-5- 
phenyl-, reaction with ynamine, 49,401 

[1.3.4] Thiadiazino[2,3-f>]quinazolines, 52, 
115 

1.2.3- Thiadiazoles, base-catalyzed H 
exchange, 47, 149 

1.2.4- Thiadiazoles, amino-, halogenation, 
47, 170 

1.2.5- Thiadiazole, chloromethylation, 47, 
170 

1.2.5- Thiadiazoles, amino-, halogenation, 
47, 170 

1.3.4- Thiadiazoles from sugar aldehyde 
thiosemicarbazides, 53, 282 

1.3.4- Thiadiazole, base-catalyzed H 
exchange, 47, 149 

1.3.4- Thiadiazoles, 2-amino-, condn with /3- 
chloro-enal, 52, 64 

1.3.4- Thiadiazoles, 2-chloro-, condensation 
with anthranilic esters, 52, 65 

1.3.4- Thiadiazole, phenyl-, nitration, 47,164 

1.3.4- Thiadiazole-2,5-dithione, reaction with 
hydrazine, 53, 130 

1.2.5- Thiadiazolium salts, 5-methyl-4- 
methylamino-, cyanide-induced 
rearrangement, 50, 297 

[ 1,3,4]Thiadiazolo[3,2-a]quinazolines, 52,64 

l,3,4-Thiadiazolo[3,2-c]quinazolines, 52, 66 

[1.3.4] Thiadiazolo[3,2-a]quinazolin-5-ones, 
52, 65 

Thiamine antagonists, 50, 263 

Thiamine hydrochloride, reaction with 
hydroxylamine, 50, 263 


Thianthrenes (review), 48, 301 
Thianthrenes 
applications, 48, 378 
crystal structure, 48, 304 
infrared spectra, 48, 316 
niass spectra, 48, 324 
nomenclature, 48, 302 
NMR spectra 
carbon, 48, 309 
proton, 48, 307 
tabulated data, 48, 310, 317 
polymers containing, 48, 316, 355 
reactions of substituents at S, 48, 358 
structure, 48, 304 
synthesis, 48, 366 

theoretical calculations, 48, 305, 306 
ultraviolet spectra. 48, 320 
Thianthrene 
acylation, 48, 332 
bromination, 48, 334 
chemical reactivity, 48, 327 
chlorination, 48, 333 
desulfurization 
biological, 48, 328 
chemical, 48, 351 
thermal and plasma. 48, 328 
dipole moment, 48, 303 
electrical conductivity, 48, 326 
formation from dihalobenzenes, 48, 375 
lithiation, 48, 350 
metabolism in rats, 48, 378 
oxidation 
at sulfur, 48, 330 
one-electron, 48, 334 
reduction, catalytic, 48, 351, 352 
structure of gold(II) chloride complex, 48, 
305, 362 

sulfur exchange in, 48, 353 
syntheses, 48, 367, 375 
thermochemical data, 48, 326 
photoelectric effects, 48, 327 
Thianthrene radical cations 
dimerization, 48, 319, 324 
formation. 48, 335 
photochemistry, 48, 341 
polymerization catalysis by, 48, 347 
pyrophosphate formation using, 48, 348 
reaction 

with Grignard reagents, 48, 347 
with nitrate, kinetics, 48, 342 
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with nucleophiles, 48, 341 
reduction, 48, 347 
salts, 48, 336 

ultraviolet spectra, 48, 319, 322 
Thianthrene dication 
formation, 48, 339 
structure, 48, 341 
Thianthrenes, acyl-, 48, 354 
Thianthrene, 5,5-dialkoxy-5-S(IV)-, 48, 330 
Thianthrenes, alkyl-, reactions, 48, 354 
Thianthrene, octafluoro- 
F-NMR spectra, 48, 309 
formation, 48, 378 
synthesis, 48, 375 
Thianthrene, 2,3,7,8-tetramethoxy- 
charge transfer complex, structure, 48,305 
crystal structure, 48, 304 
proton NMR spectra, 48, 310 
Thianthrene, 2,3,7,8-tetramethoxy-, radical 
cation 

crystal structure, 48, 307 
proton NMR spectra, 48, 313 
Thianthrene, 2,3,7,8-tetramethoxy-, 
dication 

proton NMR spectra, 48, 313 
structure, 48, 341 
Thianthrene complexes 
charge transfer, with electron acceptors, 
48, 365 

iron, 48, 305, 315, 317, 364, 374 
iron cyclopentadienyl(+) cations 
structure, 48, 305, 364 
NMR spectra, 48, 315, 317 
of metal ions to sulfur 
gold(III), 48, 305, 362 
iridium(III), 48, 362 
mercury(II), 48, 363 
palladium(II), 48, 362, 363 
platinum(III), 48, 363 
rhenium(I), 48, 363 
ruthenium(II), 48, 362 
silver(I), 48, 307, 361 
Thianthrene 5-oxides 
cleavage by butyllithium, 48, 350 
crystal structures, 48, 306 
NMR spectra, proton, 48, 314 
S-oxidation, 48, 331 
synthesis, 48, 330 

Thianthrene oxides, metal ion complexes to 
oxygen 


cadmium(II), 48, 316, 364 
mercury(II), 48, 316, 364 
molybdenum(V), 48, 318, 364 
uranium (VI), 48, 318, 364 
Thianthrene 5,5-dioxide, synthesis, 48, 331 
Thianthrene 5,10-dioxides 
infrared spectra, 48, 316 
proton NMR spectra, 48, 307, 314 
synthesis, 48, 331, 332 
uv spectra, 48, 319 

Thianthrene quinones and diquinones, 48, 
357, 375, 376 

Thianthrene sulfimines, synthesis, 48, 343, 
344 

Thianthrene sulfoximines, i.r. spectra, 48, 
318 

Thianthrene 5,5,10,10-tetroxide 
cleavage by alkali, 48, 351 
synthesis, 48, 332 
Thianthrene 5,5,10-trioxide 
cleavage by butyllithium, 48, 350 
deoxidation by HBr, 48, 334 
synthesis, 48, 332 

Thianthrene-1,4,6,9-tetrone, 2,3,7,8- 
tetramethyl-, 48, 357 
Thianthrenium (salts/ions), tabulated 
spectral data 
proton NMR, 48, 311 
ultraviolet, 48, 320 

Thianthrenium, 5-aryl-, synthesis, 48, 345 
Thianthrenium, 5-(4-cyanobenzyl)-, 

photochemical rearrangement, 48, 328 
Thianthrenium, 5-dialkylamino-, 48, 343 
Thianthrenium, 5-(l-pyridinio-), dication, 
48, 339, 344 

Thianthrenium ylids, 48, 329 
Thianthrenium 5- 

bis(ethoxycarbonyl)- 
methylide, structure, 48, 304 
3J/-1,2,4-Thiaselenazole, 4,4-bis- 
(trifluoromethyl)-, reaction with 
ynamines, 50, 96 
1,3-Thiazines (review), 50, 85 
1,3-Thiazines 
basicity, 50, 120 

cycloadditions to ketenes, 50, 143 
literature, 50, 87 
nomenclature, 50, 86 
reactions, with 
nucleophiles, 50, 128 
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electrophiles, 50, 139 
rearrangement or ring conversion to 
pyridines, 50, 131 

pyrimidines, 50, 128, 133-136, 138, 147, 
148 

reduction 
chemical, 50, 121 
electrochemical, 50, 128 
sulfur extrusion from, 50, 148 
syntheses, 50, 88 
spectra 

infrared, 50, 111 
mass, 50, 117 
NMR, 50, 115 
ultraviolet, 50, 109 
uses, 50, 150 

x-ray crystallography, 50, 119 

1.3- Thiazines, 2-amino-, 50, 91, 93, 103, 104 

1.3- Thiazine, 5,6-dimethyl-2-oximino-, 
formation and rearrangement to 4,5- 
dimethylisothiazole, 50, 102 

1.3- Thiazines, tetrahydro-, 50, 124, 127 
2H-1,3-Thiazines, by rearrangement of 2- 

phenacylisothiazolium salts, 50, 101 
AH- 1,3-Thiazines, 2-alkoxy-4,4- 
disubstituted, 50, 107 

AHA ,3-Thiazines, 2-amino-4,4-disubstituted 
basicity, 50, 120 
synthesis, 50, 107, 108 
4//-l,3-Thiazines, 4,4-bis(trifluoromethyl)-, 
50,96 

AH- 1,3-Thiazines, 4,4,6-trimethyl-, 50, 10 
(sH- 1,3-Thiazines 
in cephem synthesis, 50, 99 
NMR spectra, 50, 115 
reduction, 50, 121-128 
synthesis, 50, 107, 108 
6//-l,3-Thiazines, 2-benzylthio-, 

nucleophilic displacement, 50, 130, 131 
6//-l,3-Thiazines, 2-mercapto-, 
tautomerism, 50, 109 

6//-1,3-Thiazine-5-carbaldehyde, 2-phenyl- 
borohydride reduction, 50, 124 
conversion into 5-carbonitrile and 5-ester, 
50, 146 

1.3- Thiazine-4-carboxylates, 6-oxo-, 
rearrangement to thiazolines, 50, 137 

6//-l,3-Thiazine-5-carboxylic ester, 2- 
methylamino- 
acylation, 50, 140 


alkylation, 50, 139 

Dimroth rearrangement, 50, 147 

6W-1,3-Thiazine-4-carboxylate, 2-phenyl- 
bisulfite adduct, 50, 130 
cyanohydrin adduct, 50, 131 
formation, 50, 146 

1.3- Thiazine-4,6-diones 
acylation, 50, 145 
diazo-coupling, 50, 142 
halogenation, 50, 142 
nitration, 50, 141 
sulfonation, 50, 142 
synthesis, 50, 90, 94 
tautomerism, 50, 111, 114 

1.3- Thiazine-2,6(3//)-dithiones 
alkylation, 50, 140 
reaction with amines, 50, 137 

1.3- Thiazine-2-thiones, 50, 95 

1.3- Thiazine-2-thiones, ultraviolet spectra, 
50, 109 

1.3- Thiazine-2-thione, 5-acety!-3,6- 
dihydro-, formation, 50, 129 

1.3- Thiazine-2-thiones, 3,6-dihydro-, 50, 93 

1.3- Thiazine-6-thiones 
NMR spectra, 50, 115 
synthesis, 50, 89, 98 

2//-1,3-Thiazin-2-imine, 4-phenyl-, Dimroth 
rearrangement, 50, 128 

1.3- Thiazin-2-one, 3,6-dihydro-5- 
methoxycarbonyl-, formation, 50, 131 

1.3- Thiazin-4-ones 
borohydride reduction, 50, 125 
conversion into pyrimidinones, 50, 135, 

136 

NMR spectra, 50, 115 

synthesis, 50, 89, 92, 93, 97, 102, 103 

1.3- Thiazin-4-one, 2-alkyl(idene)-, 

tautomerism, 50, 100 

1.3- Thiazin-4-ones, 2-amino-, 50, 92, 104 

1.3- Thiazin-4-one, 2-amino-6- 

methoxycarbonyl-, tautomerism, 50, 93 

1.3- Thiazin-4-ones, 2-chloro-, aminolysis, 
50, 136 

1.3- Thiazin-4-one, 2,6-dimethyl-, 
dimerization, 50, 145 

1.3- Thiazin-6-ones 
borohydride reduction, 50, 125 
NMR spectra, 50, 115 
synthesis, 50, 90, 97, 98 

1.3- Thiazin-6-ones, 2-amino-, 50, 106 
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l,3-Thiazin-6-ones, 4-hydroxy-, see 1,3- 
Thiazine-4,6-diones 

[1.3] Thiazino[3,2-a]quinazolines, 52, 102 
[ 1,3]Thiazino[2,3-6]quinazolines, 52, 102 

[1.3] Thiazino[3,2-c]quinazolines, 52, 104 

[1.4] Thiazino[4,3-a]quinazolines. 52, 105 

[1.4] Thiazino[3,4-6]quinazolines, 52, 105 

[1.4] Thiazocino[5,4-6]quinazolines. 52, 126 
Thiazoles, base-catalyzed H exchange, 47, 

149 

Thiazoles 
lithiation, 47, 173 
mercuriation, 47, 172 

Thiazole, positional reactivities (o-* values), 
47, 173, 174 

Thiazoles, alkyl-, orientation of nitration, 47, 
155 

Thiazoles, 2-aryl-, bromination, 47, 166 
Thiazole, 2,4-diamino-, condensation with 
phenacyl bromide, 49, 7 
Thiazoles, dihydro-, see Thiazolines 
Thiazoles, phenyl-, nitration, 47, 156 
Thiazoles, 2-(2- and 3-thienyl)-, nitration, 47, 
155 

Thiazoles, 5-(2-thienyl)-. lithiation, 47, 173 
Thiazolidines, 2-imino-, oxidative ring- 
expansion, 50, 268 

4-Thiazolidinones, condensed (review), 

49, I 

4-Thiazolidinones, fused 
biological properties, 49, 105 
condensation 
with aldehydes, 49, 99 
with nitrosoarenes, 49, 101 
diazo-coupling, 49, 100 
literature, 49, 3 
oxidation, 49, 104 
reactions 

with electrophiles, 49, 99 
with nucleophiles, 49, 102 
reduction, 49, 104 
spectra 

infrared, 49, 90 
mass, 49, % 

NMR, 49, 91 
ultraviolet, 49, 88 
uses, 49, 105 
x-ray diffraction, 49, 98 
2-Thiazotines, by rearrangement of 4- 
carboxy-l,3-thiazin-6-ones, 50, 137 


2-Thiazolines, 5-aIkylidene-4,4- 
bis(trifluoromethyl)-, 50, 96 
2-Thiazolines, 2-amino-5-methylene-, 50, 
107 

2-Thiazoline, 2-phenyl-, reaction with ketene 
in SO,, 49, 14 

Thiazoline-2-thiones, lithiation, 47, 173 
Thiazolin-2-imines, 3-amino-4-methyl-, 53, 
143, 144 

Thiazolin-2-one hydrazones, 53, 143, 144 
Thiazolium salts, base-catalyzed H 
exchange, 47, 150, 152 
Thiazolium salts, 2-alkylthio-, reaction with 
nucleophiles, 48, 51 

Thiazolium N-imines, cycloadditions, 53, 
204 

Thiazolium-4-oxides, mesoionic, 
cycloadditions, 49, 77 
Thiazolo[3,2-a]benzimidazole, 49, 43 
Thiazolo[3,2-a]benzimidazol-3(2//)-ones, 

49, 42, 50 

Thiazolo[2,3-a]benz[/]isoquinolin-l(2//)- 
ones, 49, 75 

Thiazolo[3 2-d][ 1,4]benzodiazepine- 
3,6(2//,5//)-diones, 7,1 lb-dihydro-, 

49, 32 

5//-Thiazolo[3,2-d][ 1,4]benzodiazepine- 
3,6(2//,7//)-dione, IO-chloro-7-methyl- 
1 lb-phenyl-, 49, 33 

Thiazolo[2,3-6][ 1,3]benzodiazepin-3(2//)- 
ones, 49, 32 

Thiazolo[3,2-a]|l ,4]benzodiazepin-1(2 Hh 
one, 8-chloro-6-phenyl-, 49, 34 
Thiazolo[3,2-u] [ 1,4]benzodiazepin-1(2//)- 
ones, 3a,4-dihydro-, 49, 32 
Thiazolo[3,2-a][l,5]benzodiazepin-I(2// )- 
one, 5-amino-4-ethoxycarbonyl-2- 
methyl-, 49, 34 

Thiazolo[3,2-h][2,4]benzodiazepin-3(2//)- 
ones, 5,10-dihydro-, 49, 35 
Thiazolo[2,3-6][ 1,3]benzodiazocin-3-one, 
6,7-dihydro-, 49, 36 
Thiazolo[2,3-h]benzofuro[2,3-/)benz- 
imidazol-3(2//)-one, 49, 76 
Thiazolo[2,3-r][ 1,2,4]benzothiadiazin- 
3(2//)-one 5,5-dioxides, 49, 24 
Thiazolo[2,3-i]benzothiazoles, mesoionic, 
cycloaddition, 49, 86, 87 
Thiazolo[3,2-«][ 1 ]benzothieno[2,3-</|- 
pyrimidin-3(2//)-ones, 49, 58 
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Thiazolo[2,3-c][l,2,4]benzotriazin-l-ones, 
49, 28 

Thiazolo[2,3-c/][l,5]benzoxazepin-l(2//T 
ones, 49, 35 

Thiazolo[3,2-o][l,3]diazepin-3(2//Tones, 
5,6,7,8-tetrahydro-, 49, 31 
Thiazolo[3,2-a][l ,3]diazocin-3-one, 6,7,8,9- 
tetrahydro-, 49, 36 

Thiazolo[3' ,21,2]imidazo[5,4-6]py ridin- 
3(2/7Tones, 49, 54 

Thiazolo[3',2':l,2]imidazo(4,5-/]quinolin- 
10(9//)-one, 49, 73 

Thiazolo[3,4-6]indazole, mesoionic betaine, 
53 , 145 

Thiazolo[3,2-a]indol-3-ones, 49, 41 
Thiazolo[2,3-a]isoquinolin-3(2//Tones, 
dihydro-, 49, 71 

Thiazolo[2,3-/][ 1,6]naphthyridinium 
carboxylate betaine, 52 , 291 
7a//-Thiazolo[2,3-6)oxazole-7,7-dioxide, 
2,3,5,6-tetrahydro-7a-(p-nitrophenyl)- 
5-oxo-, 49, 15 

Thiazolo[3,2-a]perimidin-3(2//Tones, 49, 74 
Thiazolo[2,3-6]purin-3(2//)-ones 49, 55 
Thiazolo[2,3-/]purin-3(2//Tones 49, 55 
Thiazolo[3,2-o]pyridines, hexahydro-, 
conformation and structure, 49, 241 
spectra, C-13 NMR, 49, 242 
synthesis, 49, 238 

Thiazolo[3,4-a]pyridines, hexahydro- 
conformational analysis, 49, 262, 264 
stereochemistry, 49, 222 
synthesis, 49, 220 

Thiazolo[4,5-b]pyridines, lithiation, 52 , 229 
Thiazolo[5,4-6|pyridine 4-oxides, 2-aryl-, 
lithiation, 52 , 273 

Thiazolo[5,4-c]pyridine, 2-t-butyl-, 52 , 236 
Thiazolo[3,2-«]pyridin-3(2//)-ones, 49, 17 
Thiazolo[3,2-n]pyridin-3-ones, tetrahydro-, 
49, 239 

Thiazolo[3,2-a]pyridin-5-ones, hexahydro-, 
49, 239, 240 

Thiazolo[3,4-«]pyridin-3-ones, hexahydro-, 
49, 221 

Thiazolo[3,2-a]pyrimidine-3,5-diones, 2- 
arylidene-6,7-dihydro-, 49, 23 
Thiazolol 3,2-a] pyrimidine-3,5,7-triones, 

49, 23 

Thiazolo[3,2-a]pyrimidin-3(2// Tones, 49,18 
5//-Thiazolo[3,2-a]quinazolines, 52 , 44 


Thiazolo[4,3-b|quinazolines, 52 , 49 
Thiazolo[3,2-c]quinazolines, 52 , 49 
Thiazolo[2,3-i>]quinazoline-3,5-(2H)-diones, 
49,60 

Thiazolo[2,3-T]quinazoline-5-thiones, 52 , 45 
Thiazolo[3,2-a]quinazolinium, l-oxido-5- 
oxo-, fused mesoionic, 52 , 43 
Thiazolo[4,3-/>]quinazolinium salts, 52 , 49 
5//-Thiazolo[3,2-a]quinazolin-1(2//Tones, 
49, 66 

Thiazolo[3,2-a]quinazolin-5-ones, 52 , 43-45 
Thiazolo[3,2-a]quinazolin-5-ones. 
tetrahydro-, 52 , 42 

5//-Thiazolo[2,3-/>]quinazolin-3(2//)-one, 

49,60 

Thiazolo[2,3-b|quinazolin-5-ones, 52 , 43, 46 
Thiazolo[2,3-b]quinazolin-5-ones. 2,3- 
dihydro-, 49, 62; 52, 45, 47, 49 
Thiazolo[3,2-Z>][I,2,4,5]tetrazin-6-one, 3- 
thioxo-, 49, 29 

2//-Thiazolo[3,2-b][l,2,4,5]tetrazin-6-ones, 
3,4-dihydro-3,3,-spiro-fused, 49, 30, 31 
Thiazolo[3,2-/>]tetrazole, electrophilic 
substitution, 47, 270 
2//-Thiazolo[2,3-/?)[l,3,4]thiadiazinium 
salts, 3,6-diaryl-, synthesis, 
rearrangement, 53 , 200 
Thiazolo[2,3-<][l,4]thiazin-3(2//Tones, 
tetrahydro-. 49, 23 

7a//-Thiazolo[2,3-6]thiazole-l, 1-dioxide, 
2,3,5,6-tetrahydro-3-oxo-7a-phenyl-, 

49, 14 

Thiazolo[3,2-a]thiazolo[5,4-<flpyrimidin- 
3(2//Tones, 49, 57 

Thiazolo[3,2-a]thieno(2,3-£/]pyrimidin- 
3(2//Tones, 49, 57 

Thiazolo(3,2-a]thiopyrano|4,3-rfjpyrimidin- 
3(2 H )-ones, 5,6,8-triary 1-9-ary I ide ne- 
5,6,8,9-tetrahydro-, 49, 40 
Thiazolo|3,2-b|[l,2,4|triazine-3,7-diones, 

49, 26 

Thiazolo[2,3-c|| 1,2,4]triazine-3,6-diones, 

49, 25 

Thiazolo[3,2-6|| 1,2,4]triazin-7-one, 3,6- 
dimethyl-. 53 , 195 

Thiazolo[3,2-al| 1,3,5]triazin-3-ones, 49, 28 
Thiazolo[3,2-6][ 1,2,4]triazole 
electrophilic substitution, 47, 270 
synthesis, 49, 293 

Thiazolo[2,3-c]-l,2,4-triazoles, 49, 293 
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Thiazolo[3,2-«][l ,2,4]triazol-5(6//)-ones. 
2,3-dihydro-, 49 , 17 

Thiazolo[3,2-6][I,2,4]triazol-5(6//)-ones. 

49, 16 

Thiazolo[3,2-a]-l,2,4-triazolo[3,4-6]|l .3,4]- 
thiadiazin-6(7//)-ones. 49 , 59 
Thieno[2,3-6] and [3.2-6][l]benzoseleno- 
phene, electrophilic substitution, 47 , 
258 

Thieno[2,3-6] and ]3,2-i>][ 1 Jbenzothio- 
phenes, electrophilic substitution. 47, 
258 

Thieno-boradiazines, deuteriation rates, 47, 
231 

Thieno[2,3-e]borazine, electrophilic 
substitution, 47, 238 

Thieno[2,3-#]isoquinoline, 5-chloro-, 52 , 279 
Thieno[2,3-g]isoquinoline-4,9-dione, 52 , 261 
Thieno[2,3-g]isoquinolin-5-one, 52 , 289 
Thieno[3,2-c]isoxazole, electrophilic 
substitution, 47 , 268 

Thieno[2,3-</]isoxazole-3-acetic acid, 53 , 57 
Thieno[3,2-£][l,6]naphthyridine, 52 , 234 
Thieno[3,2-6]pyran-2-ones, 4-hydroxy-, 53 , 
15, 17, 20 

Thieno[2,3-6]pyrazine 
electrophilic substitution, 47 , 238 
lithiation, 47 , 236 
Thieno[2,3-c]pyrazoles 
electrophilic substitution, 48 , 274 
synthesis, 48 , 269 

Thieno[3,2-c]pyrazoles, electrophilic 
substitution, 47 , 271 

l//-Thieno[3,2-c]pyrazoles, synthesis, 48 , 
271 

2//-Thieno[3,2-e]pyrazoles 
electrophilic substitution, 48 , 276 
synthesis, 48 , 272 
2//-Thieno[3,4-r]pyrazoles, 48 , 272 
Thieno[3,4-c]pyrazole, 2,4,6-triphenyl-, 
cycloadditions, 48 , 283 
Thieno-pyridazines, electrophilic 
substitution, 47 , 238 
Thieno-pyridines 
electrophilic substitution, 47 , 237 
frontier electron densities, 47 , 229 
lithiation, 47 , 236 

partial rate factors for deuteriation, 47 , 230 
Thieno[3,4-c]pyridin-3( \H )-one, 1,1- 
dichloro-, 49 , 129 


Thieno[2,3-6]quinoxaline, calculations, 47, 
251 

Thieno[3,2-/]quinoIine, electrophilic 
substitution, 47, 253 
Thieno-thiophenes 
acylation, 47, 266, 269 
chlorination, 47, 266, 269 
hydrogen-exchange 
acid-catalyzed, 47, 265 
base-catalyzed, 47, 268 
lithiation, 47, 269 

Thienyl boronic esters, peroxidolysis, 46, 
151, 152 

Thienyl diiodoboranes, 46 , 144 
Thienyl pyrazoles, bromination, 47 , 169 
Thienyl pyridines, 46 , 149 
Thiepin 1,1-dioxide, 2,7-dihydro-, 

cycloaddition to a 1,2,4,5-tetrazine, 49 , 
398 

Thiiranes, 2,2-disubstituted, 48 , 47 
Thiirane, 2.3-diphenyl-, 48 , 46 
Thioacyl formamidines, cycloaddition to 
ketenes, 50, 97 
olefins, 50, 96 

Thioacyl isocyanates, condensation with 
enaminoketones, 50, 97 
Thioalkylation of 4-hydroxy-2-pyrones, 

53 , 37 

Thioamides, 1,3-thiazine synthesis from, 

50, 89 

Thioazo-azoles (azole thiodiazotates). 48, 
132, 135 

Thiocarbohydrazide, triazolo-thiadiazoles 
from, 53, 198 

Thiocarbonyl ylids, cyclic, generation, 
cycloaddition, 46 , 223; 51 , 63 
Thiochromones, see l-Benzothiopyran-4- 

Thiocyanation, general description, 47, 70 
Thiocyanation and selenocyanation of 
indole, 47, 209 

Thiocyanoacrylic derivatives, 1,3-thiazines 
from, 50 , 102, 103, 107 
Thiohydantoins, condensation 
with acetylenic esters, 49, 11 
with 2,2-dicyano-oxirans, 49, 11 
Thiol-thione tautomerism, in pyridines, 

48 , 43 

Thionaphthalic thioanhydride, 51 , 65 
2-Thionia-1,3-diazapyrene, 51 , 77 
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Thionyl chloride, reaction with acids and oxo 
heterocycles, 49 , 129 

Thionylaniline, reaction with diamines, 51 , 
76, 77 
Thiophenes 
acylation, 47 , 104, 131 
chloroethylation, chloromethylation, 47 , 
103 

gas-phase alkylation, 47 , 103 
halogenation, 47 , 98 
hydrogen exchange 
acid-catalyzed, rates, 47 , 87, 255, 265 
base-catalyzed, 47 , 93, 268 
iododeboronation, 47 , 119 
lithiation, 47 , 111 
lithio-debromination, 47 , 114 
mercuration, 47 , 114 
protodeboronation, 47 , 117 
protodesilylation, 47 , 119 
sulfonation, 47 , 116 
Thiophenes, a-acetoxyethyl- 
pyrolysis, 47 , 122, 212 
solvolysis, 47 , 122 
Thiophenes, acyl- 
chloromethylation, 47 , 104 
formation, 47 , 104 
halogenation, a : /3 ratios, 47 , 99 
Thiophenes, 2-amino-, reaction with 
hydrazine, 49 , 400 
Thiophenes, 2-aryl-, 46 , 154 
Thiophenes, hydroxy-, from thienylboronic 
acids, 46 , 151 

Thiophenes, 3-hydroxy-, pyrone fusion to, 
53, 17 

Thiophene-anthrones, 51 , 17 
Thiophene-chromium tricarbonyl, H/D 
exchange, 47 , 89 
Thiophene oligomers, 46 , 154 
Thiophosgene, reaction with naphthalene-1- 
thiol, 51 , 17 

Thiopyranones, electrophilic substitution, 
47 , 280 

Thiopyran-4-one, 2,6-dimethyl-, hydrogen- 
exchange, acid-catalyzed, 47 , 286, 289 
Thiopyrano[4,3-(/]pyrimidine-2-thiones, 
4,5,7-triaryl-8-arylidene-1,3,4,5,7,8- 
hexahydro-, 49 , 40 

Thiosemicarbazides, aminotriazoles from, 
53, 129 

Thiosemicarbazone S,S,S-trioxides, ring- 
chain tautomerism, 46, 190 


2-Thiouracils 

methylation and amination, 49, 169 
synthesis, 50, 104 
Thioureas 

reaction with acetylenic esters, 50, 92 

1.3- thiazine synthesis from, 50, 91, 103 
Thiourea, reaction with 4-oxy-2-pyrones, 

53,63 

Thioureas, N,N'-polymethylene-, reaction 
with chloracetic ester, 49 , 19, 36, 37, 
38, 39 

Thioxanthylium salts, 9-phenyl-, nitration, 
47 , 380 

Thioxo-azines, amination, 49 , 169 
Thromboxane, pyridine analogs, 52, 281 
Thymidine and derivatives 
amination 

by silylamines, 49, 149, 150 
via sulfonylation, 49, 161 
methylation by diazomethane, 49, 141 
nucleophilic substitution in, 49, 145 
Thyroxine analogs, synthesis, 52, 278 
Tin and HC1, reduction of 1,3-thiazines by, 
50 , 122 

Tin pyridine derivatives, uses, 52, 246 
Titanium(III) complexes with pyridazines, 
49 , 432 

Titanium tetranitrate, nitration using, 47,369 
Tophizopame (tranquillizer), 50, 203 
O-Tosylhydroxylamine, synthesis, 
amination by, 53, 89 
Toxins, fungal 4-oxypyrones, 53, 3 
Tracers, l5 N, in ANRORC substitution, 46, 
125 

Tranquilizers 

benzimidazo-quinazolines, 52 , 36 
1,5-benzodiazocin-6-ones, 46 , 60 

1.4- bridged 1,4-dihydro-3(2//)- 
isoquinolinones, 52, 179 

1.5- diazocanes, 46 , 59 
dibenzo[i/][l,4]diazocin-6-ones, 46 , 61 
imidazo-quinazolines, 52, 33 

1.2.4- triazolines, 46 , 259 

1.2.4- triazolo-benzodiazepines, 49 , 367 

1.2.4- triazolo-pyrimidines and analogs, 
49 , 337 

see also Sedatives 

Transamidation, intramolecular, 46 , 41 
Transaminations of azines, 49 , 176 
Transannular reactions forming pyrazole 
derivatives from 1,2-diazocines, 50, 24 
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Transition states in proton exchange, 47 , 9 
Transmission of substituent effects in 
pyridines, 47 , 314 
Triacetic acid lactone 
biosynthesis, 53, 21 

dianion formation, substn at 6-Me, 53, 52 

reaction with electrophiles, 53, 41 

review, 53, 1 

ring opening, 53, 55 

tropolones from, 53, 21 

see also 2-Pyrone, 4-hydroxy-, 

1,3,6-Triazacycl[3.3.3]azine, bromination, 
47 , 387 

Triazene, 3-amino-3-aryl-l-tetrazoly]-, 48 , 
143 

Triazene, 1,3-di(5-tetrazolyl)-, 48, 143, 161, 
165 

Triazenes, imidazolyl- 
anticancer activity, 48 , 166 
formation, synthesis, 48 , 132, 135, 163 
Triazenes, pyrazolyl-, 48 , 128, 159 
Triazenes, 1,2,3-triazolyl, 48 , 141 
Triazenes, 1,2,4-triazolyl, 48 , 138 

1,2,4-Triazepines, fused, 53, 195 
l//-l,2,4-Triazepine-6-carboxylic acid, 5- 
amino-3-(2-pyridyt)-, anhydro-dimer 
from ester, 46 , 29 

1,2,3-Triazines, 53, 174 

1.2.3- Triazines, pyrazolo-fused 48 , 249 

1.2.4- Triazines 
cr-adducts of, 46 , 84 
charge distribution in, 46 , 75 
cycloadditions, 46 , 127 
diadduct formation, 46 , 94 
halogenation, 47 , 348 
hydrogen exchange 

acid-catalyzed, 47 , 330 
base-catalyzed, 47 , 337 
nucleophilic substitution in, 46 , 97 
protonation sites in, 46 , 77 
reactions 

with amines, 46 , 89 
with nucleophiles (review), 46 , 73 
sulfurous acid adducts, 46 , 93 
vicarious nucleophilic substitution in, 46, 
122 

1.2.4- Triazines, acetylenic, 46, 101, 105 

1.2.4- Triazines, 3-amino-, formation, 53,175 

1.2.4- Triazine, 3,5-bistrimethylsilyloxy-, 
ribosylation and amination, 49, 150 


1,2,4-Triazines, dihalo-, nucleophilic 
substitution, 46, 106 

1,2,4-Triazines, 3-halo-, nucleophilic 
substitution, 46, 99 

1,2,4-Triazines, 5-halo-, nucleophilic 
substitution, 46, 103 

1,2,4-Triazines, 6-halo-, nucleophilic 
substitution, 46, 106 

1.2.4- Triazines, 3-methanesulfonyl-, 
synthetic use, 48, 55 

1.2.4- Triazine, 3-methoxy-, 
aminodemethoxylation, 49, 142 

1.2.4- Triazines, 3-methylthio-, aminolysis, 
hydrazinolysis, 49, 170 

1.2.4- Triazine, trichloro-, 46, 113 

1.2.4- Triazine, trifluoro-, nucleophilic 
substitution, 46, 114 

1.2.4- Triazines, fused, formation, 53, 194 

1.2.4- Triazines, pyrazolo-fused, 48 , 244, 
247, 248 

1.2.4- Triazine N-oxides, nucleophilic 
substitution in, 46, 100, 124 

1.2.4- Triazine l-oxide, electron distribution, 
46, 78 

1.2.4- Triazine-2-oxides, reaction with 
hydrogen halides, 46, 82 

1.2.4- Triazine 4-oxides, ring contraction to 

1,2,3-triazoles, 46, 132 

1.3.5- Triazines, formation from 1,2,4- 
triazines, 46, 130 

1.3.5- Tn'azine, reaction with tetrazoles, 49, 
358 

1.3.5- Triazine, phenoxy-, amination 
kinetics, 49, 143 

1,3,5-Triazine, trisallyloxy-, 
aminodealkoxylation, 49, 143 

1.3.5- Triazine, tris-trichloromethyl-, 
displacement of CC1 3 by amines, 49,174 

1.3.5- Triazines, pyrazolo-fused, 48 , 243 

1.2.4- Triazine-3,5-dione derived from 
dehydroascorbic acid bissemicarb- 
azone, 53 , 196 

1.2.4- Triazinium salts 

molecular orbital calculations, 46, 83 
reaction with binucleophiles, 46, 84 

1,2,4-Triazinium salts, 1-ethyl, reaction with 
o-phenylenediamine, 46, 97 

[1,2,3]Triazino[2,l-a]benzotriazolium salts, 
53 , 185 

[ 1,2,4]Triazino[4,3-6]indazoles, 48, 131 
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1.2.4- Triazin-3-ones, alcohol adducts, 46 , 91 

1.2.4- Triazin-3-one, hydration, 46, 91 

1.3.5- Triazin-2( 1 H )-one, 4,6-diphenyl-, 
formation, 53, 132 

[1.2.4] Triazino[2,3-a]quinazolines, 52, 108 

[1.2.4] Triazino[4,3-a]quinazolines, 52, 108 

[1.2.4] Triazino[3,2-h]quinazolines, 52, 109 

[1.2.4] Triazino[3,4-b]quinazolines, 52, 109 

[1.2.4] Triazino[6,l-b]quinazolines, 52, 109 

[1.2.4] Triazino[2,3-c]quinazolines, 52, 110 

[1.2.4] Triazino[4,3-c]quinazolines, 52, 111 

[1.3.5] Triazino[l,2-a]quinazolines, 52, 113 
[1,2,4]Triazino[ 1,6-c ]quinazolinium ions, 52, 

110 

1.3.5- Triazino[2,l-b]quinazolin-6-ones, 52, 
113 

1.2.4- Triazino[5,6-b]quinoxalines, reduced. 
46 , 97 

1.3.5- Triazocanes, 50, 50 

1.3.5- Triazocanes, N-nitro-, 50, 50 

1.3.6- Triazocane, tri-N-tosyl-, 50, 53 

1.2.4- Triazocane-3,5-dione, 8-phenyl-, 

50, 45 

1.2.4- Triazocines, 50, 45 

1.3.5- Triazocines, 2-amino-4-arylamino-6- 
methyl-8-phenyl-, synthesis and 
tautomerism, 50, 52 

1.2.3- Triazoles 

formation from 1,2,4-triazine N-oxides. 
46 , 132 

thermolysis and photolysis 
in benzenes. 48 , 114 
in ethers, 48 , 115 

1.2.3- Triazoles, N-acylamino-, 53, 147 

1,2,3-Triazoles, N-amino-, 53, 113 

C-13 NMR spectra, 53, 153 
mass spectra, 53, 153 

1,2,3-Triazoles, 1-amino-, 
acylation, 53, 163 

condensation with /3-diketones, /3-keto- 
esters, 53, 185 
oxidation, 53, 169, 178 
reaction with acetoacetic ester, 53, 184 
X-ray crystal structure, 53, 147 

1.2.3- Triazoles, 2-amino-, oxidation, 53, 178 

1.2.3- Triazole, 1-benzoyl-, -dibenzoyl- 
amino-, X-ray crystal structures, 53,147 

1.2.3- Triazoles, 1-benzylideneamino-, 
cycloaddition to nitriiimines, 53, 207 

1,2,3-Triazoles, 1,5-diamino-, 53, 117 


1.2.3- Triazoles, 4-diazo- 
basicity, 48 , 85 
infrared spectra, 48 , 76 
synthesis, 48 , 160 
ultraviolet spectra, 48 , 73 

1.2.3- Triazole, 4-diazo-5-carboxamide, 
biological activity, 48 , 163 

1.2.3- Triazole, 4,5-diphenyl-, N-amination, 
53, 113 

2//-l,2,3-Triazole. 2-phenyl- 
bromination, 47, 170 
nitration, 47, 165 

2H- 1,2,3-Triazole 1-phenylimines, 2- 

phenyl-, cycloaddition to DMAD, 53, 
206 

1.2.4- Triazoles, condensed (review), 49, 277 

1.2.4- Triazoles 
N-amination, 53, 122, 127 
formation from 1,2,4-triazines, 46 , 131 

1.2.4- Triazoles, 4-acetamido-, photolysis. 
53, 160 

1,2,4-Triazoles, N-amino-, 53, 122 
deamination, 53, 154, 155, 158 

1,2,4-Triazoles, 1-amino- 
formation from dihydrotetrazines, 53, 124 
synthesis, 53, 122. 127 

1,2,4-Triazoles, 4-amino- 
C-amination of electron-deficient 
aromatics by, 49 , 182; 53, 159 
basicity, 53, 149 

condensation with /3-diketones, /3-keto- 
esters, 53, 184 

formation from dihydrotetrazines, 53, 124 
fused systems from, 49, 318 
oxidation, 53, 181 

reaction with acetoacetic ester, 53, 184 
synthesis, 53, 125 

1,2,4-Triazoles, 4-amino-3-(o-aminophenyl-, 
cyclizations, 53, 197 

1.2.4- Triazoles, 4-amino-3-azido-, 
thermolysis, 53, 174 

1.2.4- Triazole, 4-amino-3,5-bismethylthio-, 
intermolecular alkyl transfer from S to 
N(l), 53, 211 

1,2,4-Triazole, 4-amino-3,5-di(methylthio)-, 
condensation with nitriles, 53, 188 

1.2.4- Triazole, 4-amino-3,5-diphenyl-, 
oxidation kinetics, 53, 169 

1.2.4- Triazoles, 4-amino-3-hydrazino-, 
condensations, 49 , 303, 362 
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1.2.4- Triazole, l-(bistrimethylsilylamino)- 
3,5-diphenyl-, 53, 126 

1.2.4- Triazoles, 3,4-diamino- 
condensation with /3-ketoesters, 49, 286, 

301, 349, 368 

cyclization with carboxylic acid 
derivatives, 53, 191 
synthesis, 53, 127 

1.2.4- Triazoles, 3-diazo- 
basicity, 48 , 85 
spectra 

infrared, 48 , 76 
ultraviolet, 48 , 72 
synthesis, 48 , 160 
photolysis and thermolysis 
in benzenes, 48 , 110 
in olefins, 48 , 112 

1.2.4- Triazole, 3,5-di(ch!oroimino)-, 
reaction with /3-naphthylamine, 49, 348 

Triazoles, dihydro-, see under Triazolines 

1.2.4- Triazoles, 4-(2,5-dimethyl-l- 
pyrrolyl)-, 53, 165 

1.2.4- Triazole, 1-halo-, rearrangement, 47 , 
170 

1,2,4-Triazole, 4-(5-nitrofurfurylidene- 
amino)-, 53, 212 

1,2,4-Triazole, 4-(2-pyridyl-), 46 , 178 

1.2.4- Triazole, 3,4,5-triamino-, 53, 131 

2H-1, 2,3-Triazole 1-imines, cycloadditions, 

48, 265 

1.2.4- Triazole 4-imines, cycloadditions, 53, 
204, 205, 206 

1,2,4-Triazole 4-N-nitroimines, 53, 166 

1,2,4-Triazole 4-oxide, 3-ethoxycarbonyl-l- 
phenyl-, synthesis, 46 , 201 

1.2.3- Triazole-4-carbaldehyde. 2-phenyl-, 
from substituted furantrione, 53, 236 

2//-1,2,3-Triazole-4-carboxamides, 2- 
phenyl-, 53, 262 

1.2.4- Triazole-3-carboxy!ic acid, 5-diazo-, 
prototropic equilibria, 48, 84 

1.2.4- Triazole-3-spiro-cyclopropane, 48, 112 

1.2.4- Triazole-3-thiones, 4-amino-2,4- 
dihydro- 

cyclizations, 53, 198. 199 
synthesis, 53, 131, 133 

1.2.4- Triazole-3-thione, 4-amino-3- 
hydrazino-2,4-dihydro-, reaction with 
aldehydes, 53, 193 

1.2.4- Triazolidine-3,5-dione. 1-amino-, 53, 
132 


1.2.4- Triazolidine-3,5-dithione, 4-amino-, 
53, 135, 136 

1.2.4- Triazolidine-3,5-dithione, 4-amino-, 
alkyl derivatives, 53, 136 

1.2.4- Triazolines (review), 46, 169 

1.2.4- Triazolines 
N-alkylation, 46, 273 
aromatization, 46, 255 
mass spectrometry, 46, 248 
nomenclature, 46, 171 
oxidative ring cleavage, 46, 264 

infrared, 46, 248 
NMR, 46, 237 
ultraviolet, 46, 247 
thermogravimetric analysis, 46, 254 
x-ray crystallography, 46, 249 

1.2.4- Triazolines, fused, conformation 
study, 46, 241 

1.2.4- Triazoline-3-thiones, condensation 
with chloroacetic acid, 49, 16 

1.2.4- Triazolin-3-ones, see l,2,4-Triazol-3- 
ones, 2,4-dihydro- 

1.2.4- Triazolium salts 
borohydride reduction, 46, 226 
nucleophilic carbenes from, 46, 263, 269 
reaction with ynamines, 46, 232 

1,2,4-Triazolium salts, 4-acetamido-, 
acidity, 53, 149 

1.2.3- Triazolium salts, 1,3-diamino-, N- 
nitration, 53, 166 

1.2.4- Triazolium salts, 1-alky 1-4-amino-, 
condensation with /3-ketoesters, 53, 

184 

1,2,4-Triazolium 5-dithiocarboxylate 
betaine, 4-amino-l-alkyl-, 53, 208 

1,2,4-Triazolium ion, 4-amino-l-methyl-, 
rearrangement to 4-methylamino-l,2,4- 
triazole, 53, 210 

1,2,4-Triazolium anhydrobases, 46, 225, 227 

1.2.4- Triazolium /V-ylids, 46, 222 

1.2.4- Triazolo[4,3-a]azepines, tetrahydro-, 
49, 363 

1.2.4- Triazolo[4,3-a]benzimidazoles, 49 , 289 

1.2.4- Triazolo[4,3-6][ 1,2]benzisothiazole 
5,5-dioxide, 3-methyl-, 49 , 292 

[1.2.4] Triazolo[4,3-a][l,4]benzodiazepines, 
49, 365 

[1.2.4] Triazolo[4,3-a][l ,4]benzodiazepines 
reaction with mercaptoacetic acid, 49 , 34 
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synthesis, 49, 365 

1.2.4- Triazolo[4,3-d][ 1,4]benzodiazepines, 
49, 366 

1.2.4- Triazolo[4,3-d][l,4]benzodiazepines, 
hexahydro- 

conformation, 46, 245 
proton NMR data, 46, 245 
synthesis, 46, 210 

[ 1,2,4]Triazolo[4,3-a][ 1,5]benzodiazepines, 
49, 366 

Triazolo-benzodiazocines, 46, 6 

1 .2.4- Triazolo[3,4-6]benzoselenazoles, 49, 
300 

1.2.4- T riazolo[4,3-c][ 1,3]benzothiazines, 

1,10b-dihydro-, 49, 346 

1.2.4- Triazolo[3,4-6]benzothiazoles, 49, 297 

1.2.4- Triazolo[4,3-c][l ,2,3]benzotriazines, 
49, 347 

[ 1,2,4]Triazolo[3,4-c][ 1,2,4]benzotriazines, 
49, 352 

[ 1,2,4]Triazolo[3,4-c][ 1,4]benzotriazin-4- 
ones, 49, 346 

5//-[ 1,2,4]Triazolo[3,4-6][ 1,3]benzoxazines, 
3,3a-dihydro-, 49, 342 

4H-[ 1,2,4]Triazolo[3,4-c][ 1,4]benzoxazines, 
49, 344 

1 .2.4- T riazolo[3,4-6]benzoxazoles, 49, 291 

1 .2.4- Triazolo[4,3-6]cinnolines, 49, 325 

1.2.4- Triazolo[3,4-6][ 1,4]diazepin-8-ones, 
dihydro-, 48, 261 

1.2.3- Triazolo[4,5-6][l,5]diazocin-9-ones, 
tetrahydro-, formation in Schmidt 
rearrangement, 46, 11 

1.2.4- Triazolo[4,3-6]indazole, 3-acetyl-5,9b- 
dihydro-4-methyl-l-phenyl-, 49, 287 

1 .2.4- Triazolo[4,3-a]indoles, 49, 282 

1.2.4- Triazolo[3,4-a]isoindoles, 49, 283 

[ 1,2,3 ]T riazolo[5,1 -a] isoquinoli ne, 

lithiation, 52, 276 

[l,2,4]Triazolo[2,3-a]benzimidazoles, 53, 
191, 192, 193 

[l,2,3]Triazolo[5,l-6]benzothiazolium salts, 
53, 104 

1.2.4- Triazolo[4,3- 

<fl[l,3,4]benzotriazepines, 53, 137, 197 

1.2.4- Triazolo[4,3-c][l,2,3]benzotriazine, 
formation, 53, 155 

1.2.4- Triazoto[3,4-a]isoquinoline 
electrophilic substitution, 47, 253 
synthesis, 49, 316 


1.2.4- Triazolo[4,3-6]isoquinolines, 49, 317 

1.2.4- Triazol-3-ones, 2-amino-2,4-dihydro-, 
53, 132 

1.2.4- Triazol-3-ones, 4-amino-2,4-dihydro-, 
53, 131 

1.2.4- Triazol-3-ones, 2,4-dihydro-, nitration, 

47, 165 

1.2.4- Triazo!-3-one, 2,4-dihydro-2- 
dimethylamino-5-phenyl-, formation, 
53, 132 

4 H-[ 1,2,3]Triazolo[ 1,5-<fl[ 1,3,4]oxadiazines, 
3,6-diaryl-, 53, 202 

[1.2.3] Triazolo[l,5-r/][l,3,4]oxadiazin-4- 
ones, 3,6-diaryl-, 53, 202 

1.2.4- Triazolo[3,4-6][l,3,4]oxadiazoles, 49, 
305; 53, 199 

5//-1,2,4-Triazolo[3,4-6][l ,3]oxazine, 6,7- 
dihydro-3-phenyl-, 49, 342 

8 H-[ 1,2,4]Triazolo[3,4-c][ 1,4]oxazines, 5,6- 
dihydro-, 49, 343 

1.2.4- Triazolo[3,4-a]phthalazines, 49, 322 

1.2.4- Triazolo[4,3-a]pyrazines, 49, 337 

[ 1,2,3]Triazolo[ 1,5-6]pyridazine, 4-hydroxy- 
6-methyl-, 53, 185 

1.2.4- Triazolo[4,3-6]pyridazines 
base-catalyzed hydrogen exchange, 47, 234 
synthesis, 49, 318 

1.2.4- Triazolo[4,3-6]pyridazine mesomeric 
betaines, 53, 184 

1.2.4- Triazolo[4,3-6]pyridazin-8-one, 7- 
diazo-, photochemical ring contraction, 

48, 261 

[ 1 ,2,3]Triazolo[ 1 ,5-a]pyridine, lithiation, 52, 
275 

1.2.3- Triazolo[4,5-6 and c]pyridines, N- 
amino-, 53, 121 

1.2.4- Triazolo[4,3-a]pyridines, 49, 311 

[1.2.4] Triazolo[2,3-a]pyridinium salts, 1- 
amino-, 53, 138 

1.2.4- Triazolo[4,3-a]pyridinium salts, N- 
amino-, 53, 138 

[ 1,2,3]Triazolo[ 1,5-c]pyrimidine, attempted 
lithiation, 52, 276 

1.2.4- Triazolo[ 1,5-a]pyrimidines 
hydrogen exchange, 47, 233, 235 
lithiation, 47, 237 

1.2.4- Triazolo[4,3-a]pyrimidines, 49, 

327 

[ 1 ,2,4]Triazolo[2,3-c]pyrimidines, 46, 

192 
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1.2.4- Triazolo[4,3-c]pyrimidines, 49 , 

332; 53, 109, 110 

[ 1,2,4]Triazolo[ 1.5-a]pyrimidine-2.7- 
dithione, 50, 138 

[1.2.3] Triazolo[1.5-a]quinazolines, 52, 53 

[1.2.4] Triazolo[4,3-a]quinazolines. 49 , 332; 
52, 54 

1.2.4- T riazolo[3,4-6]quinazolines. 1,5- 
dihydro-, 52, 57 

[1.2.4] Triazolo[l,5-t]quinazolines, 52, 57 

1.2.4- Triazolo[4,3-c]quinazolines, 49 , 335; 
52, 60 

[ 1,2,4]T riazolo[ 1,5-r]quinazoline, mesoionic 
betaines, 52, 58, 59 

[ 1,2,4]T riazolo[2,3-t]quinazoline, mesoionic 
betaines, 49 , 286 

[1.2.4] Triazolo[2,3-c]quinazol i ne-2-1 hiones, 
1-amino-, mesoionic, 53, 137 

[1.2.4] Triazolo[2,3-r]quinazolinium salts, 
1,5-diamino-, 53, 137 

[1.2.4] Triazolo[4,3-a]quinazolin-5-ones, 49 , 
332 

1.2.4- Triazolo[3,4-6]quinazolin-5-ones 
Dimroth rearrangement, 52, 56 
synthesis, 49, 332, 335; 52, 57 

[ 1,2,3]Triazolo[1,5-a]quinoline, lithiation, 
52, 276 

[1.2.4] Triazolo[4,3-a]quinolines, 49 , 314 

[1.2.4] Triazolo[4,3-a]quinoxalines, 49 , 339 

1.2.3- Triazolo[4,5-e][l,2,3,4]tetrazine, 2- 
phenyl-, 53, 180 

[1.2.4] Triazolo[4,3-6]-I,2,4,5-tetrazine-6- 
thione, 3-phenyl-, 49 , 362 

1.2.4- Triazolo[4,3-</]tetrazoles, 49 , 309 

1.2.4- Triazolo[3,4-6][l,3,4]thiadiazines, 49 , 
359 

1.2.4- Triazolo[3,4-c][ 1,3,4]thiadiazinium 
salts, rearrangement, 48 , 262 

1.2.4- Triazolo[3,4-6][l,3,4]thiadiazoles, 49 , 
307; 53, 198 

1.2.4- Triazolo[4,3-6][l,3,4]thiadiazole- 
3,6(2«,5«)-dithione, 53, 136 

1.2.4- T riazolo[3,4-6][ 1,3,4]thiadiazolium 
salts and mesoionic betaines, 53, 198 

5 H- 1,2,4-Triazolo[3,4-6] [1,3]thiazines, 6,7- 
dihydro-, 49 , 345 

1.2.4- Triazolo[4,3-6][l,3]thiazin-5-ones, 53, 
202 

1.2.4- Triazolo[4,3-6][ 1,2,4]triazepines, 49 , 
286, 368 


1.2.4- Triazolo[4,3-</][ 1,2,4]triazepines, 49, 
368 

[ 1,2,3]Triazolo[5,1 -c][ 1,2,4]triazines, 48, 
142, 153 

1.2.4- Triazolo[4,3-6][ 1,2,4]triazines, 49, 

348; 53, 187, 194 

[ 1,2,4]Triazolo[5,1 -c] [ 1,2,4] triazines 
formation in cycloadditions, 48, 153 
synthesis, 48, 138; 49, 351 

1.2.4- Triazolo[3,4-c][ 1,2,4]triazines, 49, 

351 

1.2.4- Triazolo[4,3-</][l,2,4]triazines, 49, 

352 

1.2.4- Triazolo[4,3-fl][l,3,5]triazines, 49, 

356 

[l,2,3]Triazolo[2,l-o][l,2,3]triazinium salts, 
53, 185 

1.2.4- T riazolo[4,3-6][ l,2,4]triazin-7-ones, 
53, 195 

1.2.4- Triazolo[3,4-/][l ,2,4]triazin-8-ones, 

49, 354 

1.2.3- Triazolo[4,5-</]-l,2,3-triazole, 1,5- 
dihydro-5-pheny I-, N-amination, 53,121 

1.2.3- Triazolo[4,5-<f]-1,2,3-triazole, 1- 
amino-, 53, 180 

1.2.4- Triazolo[4,3-6][ 1,2,4]triazoles, 49, 

301; 53, 188, 189, 191 

1.2.4- Triazolo[4,3-6][l,2,4]triazole, 6-aryl-, 
53, 202 

1.2.4- Triazolo[4,3-6][l,2,4]triazole, 3,6,7- 
triamino-, 53, 137 

1.2.4- Triazolo[3,4-c]-l,2,4-triazoles,49,302, 
304 

1.2.4- Triazolyl azines, amino-detriazolation, 

49, 165 

1,2,3-Triazolyl quinoxalinones from 
dehydroascorbic acid, 53, 287 
Triethyl silane, reduction of 1,3-triazines by, 

50, 124 

Trilluoroacetic acid, solvent for H exchange, 

47, 11 

Trimethylene sulfurdiimide, see 3W-1A. 4 - 
1,2,6-Thiadiazine, 4,5-dihydro- 
Trilluoromethylsulfenylation of imidazoles, 

47, 171 

Trimethylsilanol, reaction with 
hexamethyldisilazane, 49, 147 
Triphenylphosphazines from diazoazoles, 

48, 125, 130 

Triphenylphosphine, reaction with 3-diazo- 
1-methyloxindole, 48, 125 
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Triphenylphosphine ylid, 1-methyloxindol- 
3-yl-, 48, 125 

Tris(2-deoxyascorbyl)amine 
electrochemistry of, 53, 244 
ESR of radical from, 53, 243 

Tris[l,2,4]triazolo[4,3-a:4',3'-c:4",3"-e]- 
[l,3,5]-triazines, 49 , 358 

1,3,5,2,4-Trithiadiazepine, structure and 
reactivity towards electrophiles, 47 , 399 

1,9,10X 4 -T rithiapentaleno[5,6,1,2-de/g]anth- 
racen-5-one, 51, 40 

1,3,5,2,3,6-Trithiatriazepine, structure and 
reactivity towards electrophiles, 47 , 399 

Tritiation of pyridazine drug SR95531, 49, 
404 

Tritiation, see also Hydrogen exchange 

Troger’s base, dibenzodiazocines from, 

46, 14 

Troger’s base analogs, protonation, 46, 

15. 44 

Tropolone biosynthesis from triacetic 
lactone, 53, 21 

Troponimines, cycloaddition to nitrilimines, 
46, 203 

Tropono[4,5-4]triazole /V-amines 
formation, 53, 121 
oxidation, 53, 180 

Tropylium fluoborate oxidation of 1,2,4- 
triazolines, 46, 257 

Tryptophan derivatives, photooxygenation, 
50, 29 

Tuberculostatic pyridazine antibiotics, 49 , 
433 

Tungsten, complexes with pyridazines, 49 , 
431 

Turnstile rotation, 48, 5 


U 

Uhle’s ketone, see Benz[a/]indol-5(l//)- 
one, 3,4-dihydro- 
Ultraviolet/visible spectra, of 
alkyl- and alkyl-l-vinylpyrroles, 51 , 204 
N-aminoazoles, 53 , 152 
AH- and 6//-2-amino-l ,3-thiazines, 50 , 110 
benzo[c]pyrylium ions, 50, 239 

1,2,3-benzothiadiazines, 50 , 261 
diazoazoles, 48, 72 
dibenzo[d/][ 1,2]diazocines, 50 , 19 


5.6- dihydrodibenzo[c,£][ 1,2]diazocine, 

50, 18 

11,12-dihydrodibenzo[c,g][ 1,2]diazocine, 
protonated, 50, 18 

6.7- dihydrodibenzo[d/][ 1,2]diazocine- 

5,8-diones, 50 , 19 

3,6-dihydro-1,3-thiazine-2-thiones, 50 , 109 
2-(2-furyl)pyrroles, 51 , 222 
1-hydroxypyrroles, 51 , 106 
3(2//)-isoquinolinones, 52 , 157, 158 
NSN (SX 4 ) systems, 50 , 308 

1 - oxyindoles, 51 , 121 
4-oxy-2-pyrone derivs, 53, 6 

2- phenyl-5-phenylazo-1,3-thiazine-4,6- 

dione, 50, 111 

2-phenyl-1-vinylpyrrole, 51, 210 
pyrazolo[ 1,2-a]pyrazolium salts, 48 , 289 
pyridazines, 49 , 427 

1.2.4- thiadiazines, 50, 284 
thianthrenes, 48 , 318 

1.3- thiazine-2-thiones, 50, 109 

1.3- thiazin-4-ones, 50, 111 
4-thiazolidinones, condensed, 49 , 88 
thiazolo-pyrimidinones, mesoionic, 49 , 57 

1.2.4- triazolines, 46 , 247 
2-(2-thienyl)pyrroles, 51, 223 

Ultraviolet spectroscopy in study of nitration 
kinetics, 47 , 44 
Uracils 

amination by phosphoramidates, 49 , 162 
halogenation, 47 , 344, 345 
hydrogen-exchange 
acid-catalyzed, 47 , 329 
base-catalyzed, 47 , 335 
nitration, 47 , 339 

Uracil-alkyne photoadducts, 50 , 30 
Uranyl salts, complexes with thianthrene 5- 
oxide, 48 , 318, 363 
Urazine, 53 , 133 
Urazole, 4-amino-, 53 , 132 
Urea, /V,/V-dimethyl-/V'-(3-quinolyl)-, 
lithiation, 52 , 230 
Uridine and derivatives 
amination 

by silylamines, 49 , 149, 150 
via sulfonylation, 49 , 161 
nucleophilic substitution in, 49 , 144 
transformations of, 49 , 141 
Uridine, 2'-deoxy-, silylated, lithiation, 52 , 
253 
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Uridine, 2'-deoxy-5-ethynyI-, 
cycloadditions, 49 , 395 


V 

Valence bond isomerism in 1,2-diazocines, 
50, 23 

Valence tautomerism in 1,5-diazocines, 

46, 19 

Valence-shell expansion in sulfur, 48 , 1 
Van Alphen-Hiittel rearrangement of spiro- 
3-pyrazolenines, 48 , 244 
Vasoconstrictors, 1,3-diazocines, 50, 35 
Vasodilators 

imidazoquinazolines, 52 , 33 
3(2//)-isoquinolinones, 52 , 178 
pyridazines, 49 , 435 
triazolo-triazines, 53 , 213 
Vasopressin dipeptides, modified, 49 , 250 
Verracosidin, pyrone derivative, structure, 
synthesis, 53 , 3, 25 
Vicarious nucleophilic substitution 
animation by 4-amino-l,2,4-triazole, 49 , 
182; 53 , 159 

in 1,2,4-triazines, 46 , 122 
Vilsmeier reagent, 
reaction with 8-acetamido-l- 
naphthaldehyde, 51 , 82 

1.2.4- triazolines from, 46 , 184 
Vilsmeier-Haack cyclization of substituted 

anilides to isoquinolin-3-ones. 52 , 163 
Vilsmeier-Haack formylation/acylation, of 
1-acetoxyindole, 51 , 137 
3-amino-2-methylquinazolin-4-one, 52 , 21 
3-aryl-2-methylquinazolin-4-one, 52 , 79 
carbazoles, 47 , 208 

1.4- dihydro-3(2//)-isoquinolinones, 52, 

172 

electron-rich heterocycles, 47, 104 
indoles, 47, 207 

3- oximino-2-pyrrolinone, fused, 52 , 109 
pyridazinones, 48 , 228 
pyrimidinones, 47 , 350 

pyrroles, 47 , 208 

4- thiazolidinones, condensed, 49 , 99 
Vilsmeier-Haack formylation, activation 

parameters, 47, 131 
Vinyl ethers, cycloaddition to 

benzo[c]pyrylium salts, 50, 219 


Vinyl halides, reaction with ketoximes, 51, 
268 

Vinyl pyrroles, 51 , 178 
Viridinols, pyrone derivatives, 53 , 3 
Visible spectroscopy, see Ultraviolet 
spectroscopy 
Voltammetry, cyclic, of 
hexahydropyrazolo[ 1,2-o]pyridazine, 49 , 
198 

thianthrene, 48 , 339 
Vulcanisation accelerators 

1,5-diazocanes, 46 , 59 
1,3-thiazines, 50 , 151 


W 

Wetting agents, 1,3-thiazines, 50, 150 
Wheland intermediate, formation on 
protonation, 47 , 7 
Wittig reactions with 

pyridazinecarbaldehydes, 49 , 413 
Wittig rearrangement, in naphtho[l,8-ic]- 
thiophenium ylid, 51, 17 


X 

Xanthines, W-amination, 53, 108, 113 

Xanthine, bis-dimethylamination with 
HMPA, 49, 162 

Xanthines, amino-, reaction with nitric acid, 
53, 207 

Xanthines, 3-amino-, alkylation, 53, 156 

Xanthines, 7-amino-, oxidation, 53, 176, 177 

Xanthines, 9-amino-, 
mass spectra, 53, 153 
oxidation, 53, 177 

Xanthine, 9-amino-l-methyl-, X-ray crystal 
structure, 53, 146 

Xanthines, 1,3- and 1,7-dialkyl-, 53, 156 

Xanthyletin, 4-formyl-6,7-dihydro-, 
hydrazinolysis, 49, 402 

Xanthylium salts, 9-phenyl-, nitration, 47, 
380 

X-ray crystal structures, of 
4-acetyl-3-diazo-2,5-diphenylpyrrole, 

48, 67 

3-acetyl-l-methoxyindole, 51, 120 
1-aminobenzimidazole, 53, 146 
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2- aminobenzotriazoles, 53, 146 
9-amino-l-methylxanthine, 53, 146 
N-aminopyrazoles, 53, 146 

1-amino-1,2,3-triazoles and derivatives, 
53, 146, 147 

4-amino-l,2,4-triazoles, 53 , 146 
l-(l-aziridinyl)benzimidazole, 53 , 146 
4-bromobenzoylmeleagrin, 51 , 151 
8-chIoro-3,4-dihydro-2-hydroxylamino- 

1,4,5-benzotriazepine, 50 , 48 
cyclopentadienyl cobalt complexes, 

electron deformation densities, 48, 217 

1.5- diacetyl-l,3,5,7-tetrazocane, 50, 61 

1.5- diazocanediacetic acid (dacoda) metal 
complexes, 46 , 45 

3-diazoindole, 48 , 67 

3.5- dichloro-1,2,6-thiadiazin-4-one, 50, 309 

3- (dicyanomethylene)-2-phenyl-3//-indole 

1-oxide, 51 , 120 

3.4- dihydro-7-aminosulfonyl-1,2,4- 

benzothiadiazine-1,1-dioxide, 50, 282 

3.4- dihydro-8-methyl-4-tosyl-1,4,5- 
benzotriazocin-2(l//)-one, 50 , 48 

4.5- dihydro-3,3,4,5-tetramethyl-l,2,5- 

thiadiazine-6-thione, 50 , 299 
a 2,3-dihydro-l,3-thiazin-6-one, 50 , 125 
a dihydro-1,2,4-triazine, 46 , 86 
a 3,4-dihydro-1,2,4-triazolo[4,3-1?]- 
pyridazine, 46 , 183 

dihydro-triphenyl-fluorene-spiro-6-( 1,2,3- 
thiadiazine), 50 , 258 , 261 
3-dimethylamino-7-methoxy-2-(4- 
methoxyphenyl)-l ,2,4- 
benzothiadiazine 1-oxide salt, 50 , 283 

3- dimethyIamino-4,5,6,7-tetrahydro-4,4- 

dimethyl-6-oxo-7-pheny 1-1,2,5,7- 
benzothiatriazonine 1,1-dioxide, 50 , 
291 

7-ethoxycarbonyI-l ,6-dimethyl-l//- 
pyrazolo] 1,5-</]tetrazole, 48, 288 
gelsemicine, 51 , 152 
3,4,5,6,7,8-hexahydro-3,8-diphenyl-1,2- 
diazocine, 50 , 17 

hexahydro-3-oxo-3//-oxazolo[3,4-a|- 
pyridine-5-carboxylic acid, 49 , 220 
HMX (l,3,5,7-tetranitro-l,3,5,7- 
tetrazocane), 50 , 61 
humantenine, 51 , 153 
hypervalent sulfur species, 48 , 4 

4- methylthio-6-oxo-2-phenyl-1,3-thiazine- 

5-carboxamide, 50 , 119 


natural pyrones, 53 , 5 
oxaline, 51 , 151 

2-phenyl-2,3-benzodiazocin-l(2//)-one, 

50,20 

pyridazines, 49 , 429 

a pyrido[ 1' ,2' :4,5][ 1,2,4]thiadiazino[2,3-a]- 
benzimidazole salt, 48 , 54 
pyrones, naturally-occurring, 53 , 5 
pyrrolo[ 1,2-a]pyrazine-l ,4-diones, 49 , 248 

5.6.11.12- tetrahydrodibenzo[6/]-[l ,5]- 
diazocines, 46 , 43 

5.6.11.12- tetrahydrodibenzo- 

[<?/][ 1,5]diazocine metal complexes, 
46 , 46 

2,6,7,8-tetrahydro-2,6- 

dimethylpyridazino[4,3-c]pyridazine- 

3,4-dione 4-phenylhydrazone, 53 , 297 
6,7,8,8a-tetrahydro-2-phenyl-5//- 

oxazolo[3,2-a]pyridin-3(2/7)-one, 49, 
238 

tetrahydropyrazolo[l ,2-aJpyridazine-l ,3- 
diones, 49, 198 

l,3,5,7-tetranitro-l,3,5,7-tetrazocane, 

50,61 

thianthrene and derivatives, 48 , 304 
677-1,3-thiazines, 50 , 119 
thiazolo-benzimidazolinone, 49 , 98 

1,2,4-triazolines, 46 , 249 
a [l,2,4]triazolo[l,2-a][l,2,4]triazole, 46 , 
195, 250 


Y 

Yangonin and analogues, pyrone 
derivatives, 53 , 34 
structure, 53 , 5, 6 
synthesis, 53 , 53 
Ylids 

reaction with 3-diazopyrazoles, 48 , 146, 
150 

substitution of 1,2,4-triazines by, 46 , 103, 
104 

Ylids containing the 1,2,4-thiadiazine ring, 
50 , 265, 277, 287 
Ylids, cyclic carbonyl, 51 , 59 
Ylids, cyclic thiocarbonyl, 51 , 63 
Ylids, phosphorus, reaction with 3-diazo¬ 
pyrazoles, 48 , 146, 150, 240 
Ylids, pyridazinium, 49 , 408, 412, 427 
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Ylid intermediates in iV-aminoazolium salt 
condensations, 53, 184, 186, 187, 205 
substitutions, 53, 209 
Ynamines 

condensations forming 1,3-thiazines. 50, 
96, 98 

cycloaddition to 
3-diazopyrazoles, 48 , 148 
diazotriazoles, 48 , 153 
1,2,4-triazolium salts, 46 , 232 
reaction with 

2-dimethylamino-5-phenyl-l ,3,4- 
thiadiazin-6-one, 49, 401 
5-nitropyrimidines, 50 , 41 
oximes, 51 , 281 


Yukawa-Tsuno equation, 47 , 79, 216 


Z 

Zinc(II) complexes, of 
1,5-diazocanes. 46 , 46 
pyridazines, 49 , 432 
Zinc reduction, of 
dibenzo[i/)[ 1,5]diazocines. 46 , 54 
naphthalic acid, 51 , 61 
Zip reactions, amide, 46 , 56 
Zucker-Hammett hypothesis, 47 , 9 
Zwitterions, aminopyridazinium 
phosphonate, 49 , 430 
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